Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



iniiip 




\ 



t .* 



THE 



HAND-BOOK 



OF 



HOUSEHOLD SCIENCE. 



▲ POPULAB ▲OOOUMT OF 



HEAT, LIGHT, AIR, ALIMENT, 
AND CLEANSING, 



m 



THEIB BCIENTIFIO PiONCIPLES AND DOMESTIC APPLICATIONS. 



VlTH HUHSBOUB ILLUSTBA.TiyB DIA0BAJC8. 



ADAPTED FOB AOADEMIES, aSMJNABJSa, AUD BCEOOUL 



BT 



EDWARD L. TOXJMANS, 

AVTBOm ov • 

OLAflt-BOOK or OHOnBTBT," **OHBnOAL ATLAB** AND *'OHABT,** 
'*ALOOHOL AMD TBI OOBVflTUTIOB OF MAH.** 



NEWTOBE: 
B. AFFLETON 4e 00^ 448 4e 44B BBOADWAT. 

1865. 



KaTXEXD ftcoording to Act of UongresB, In the jtmr 18BT, bj 

IX APPLETON ^ OO. 

Ia tHa CMk'B OlDce of tha Dlttrlet Ooart of the United Btatet tn tkt 

Bontbern Dlitrlet of New Toilu 



CONTENTS. 



PABT L— HEAT. 

PREFACE, • 7 

DTTBODUCTION, 11 

I. SOUBCIS AND DiSTBIBDTZOy OF TiBBlflTBIAL HlAT, . . • • 17 

n. LmuBfCK OF HxAT UFOK THi Liynro WoBLo^ • • • • 19 

m. Mmasubmhekt of Hxat— Thb TmatMOMmBy S8 

IV. BADIAnOH AND RB EfFBCTB, 27 

y. CoNDuonoN of Hxat, and rb Effboxb^ 84 

TL HXAT CONYSRD BT MOTINO HaTTIB, . • • • 86 

yn. Tabzoub PBOPBBxns AND BTFicn OF Hbat, . • • 87 

VIII. Phtbiological BFF1CI8 OF Hbat, 48 

IX. Abtificial Hbat— Pbopibtxbs of Fuel, 49 

X. AiB-cuBBBun— AcnoN aitd kanaqembnt of Chzhnbts, ... 55 

XL Affabatub of Wabmino, 60 

1« Open firepUceSy 68 

8. StoreB, 67 

8. Hot-air amngemeptB, 70 

PABT n.— LIGHT. 

L Katitbb of Lxqbt— Law of its Diffusion, 76 

n. BiFLBcnoN OF Lkot, 79 

QL TBANBMimON and BSFBAOnON OF IjQsn, 88 

nr. Tmbobt OF LiOBT— Watb motbmbntb in Natubb, . • • • 84 

T. GoMFonnoN and mutual bblaron of Colobs, 88 

n. PiAonoAL moamoioi nr comaam Colour • • • • 108 



KaTXEXD ftcoording to Act of UongresB, In the year 189> 

IX APPLETON ^ OO. 

Ia th« GlMfc*k Office of the Dlttrlet Ooart of the United 0tat 

Bontbern Dlitriet of Hew Toilu 



CONTENTS. 



PART L^HEAT. 

WMam 

PBEFACE, 7 

IXTB0Di;CTI05, 11 

L SoncD AXD "Danamax of Tibbi8tbial Hiat, • • • • 17 

IL IXfLmCB OF HbaI UFOV THl LlTIXO WOBLD^ • • • • 19 

in. ICbasckemsxt of Hbat— Thb THntMOMBny S8 

lY. BxDiATiosr AJTD m Effbcii^ 27 

y. Co3n>rcno3r of Hbai, axd m Effbci!, 84 

TL HXAT COSTXTKD BT MOTZVG HaTTIB, .... M 

yn. Yauocb FBOFBsna AXD sFFicn OF Bmax, . • • 87 

VUL PETSIOLOGICAL SFFBCn OF HXAT, 48 

IX. Abtoicial HxAT— Pbofoteb OF FUKL, 49 

X. An-ccwnm— Acnosr axd uAXAOBaaet of CHDann, ... 55 

XL Afpabatcb of Wabmivo^ 60 

1« Open firepbeeiy 68 

8. Stores, 67 

8. Hot-«ir amngementfl, 70 

PART H— LIGHT. 

L Katcbb of Luur— Law of ns DiFFunov, 76 

n. Rbtlktiov OF LioHr, 79 

QL TBAmKonov asd BiFBAcnosr of Lraar, 88 

IV. Tbbobt OF LioBT— Wati MomoTB DT Katubb, . . . . 84 

T. C oMF U um nr ahd vutual ■blatiosi of Colob!, 88 

n. PiuonoAb wmu m unNu nr uiBiuiu i y Colour • . • • 108 



hr 0011TENT8. 



Vn. PsoDVcnov OF AinnoiAL Liobt. 

1. The Chemistry of niumination, .... . 105 

8. nimnination bj means of Solids^ • • • . 108 

8. Illumination bj means of liquids, 118 

4. Illumination bj means of Gases, IIV 

5. Measurement of light, 194 

Vin. Structusb Aim Optical pownis OF THi En, 18< 

DC. Optical DiFscn of Tmoir— Spkctacuo, 181 

X. InJUBIOUS ACnOH OF AbTIFICIAL LiQBT, 187 

XL Hahaoemint OF Abtihoial Liaar, 149 

PART m.— iHL 

I. Pbopkbths Aim ooMPOsmoK OF TBI Atmosphibb, .... 180 

n. EfFBCIB OF THB COKSTITUKnS OF AlB. 

1. Nitrogen, 154 

2. Ozjgen, . • , ^ 154 

8. Moisture, 157 

4. Carbonic acid, . 1^1 

5. Oxone and electricitj, 164 

m. CoNDinoir OF AiB PROTiDBD BT Vatubi, 166 

lY. SOUBCBB OF IMPUBB AlB nr DWBLLDrOBy 168 

y. MOBBID AND FATAL EFFECTS OF IMPUBB AlB, 174 

TL RaTB OF OOHTAMnrATIOH WITHDr D00B8, . • . ... • 181 

YIL AiB or Monox— CuBBExn— Dbaugbtb, 185 

Yin. Abbahqememts fob TEinnLATioir, 188 



* 



PART IV.— ALIMKNT. 

L SOUBCB OF ALUfENTB — ObDBB OF THB BUBJEOT, ..... 805 
n. QeHEBAL PBOPBBTIBS of ALnfEETABT SuBSTAVGBS. 

1. Principles containing no Nitrogen. 

A Water, ... ...... 207 

B The Starches, 218 

C The Sugars, 211 

D The Gums, 888 

E The Oils, 82f 

F The Vegetable Adds, S2f 

8. Principles containing Nitrogen. 

A Vegetable and Animal Albumen, S87 

B Vegetable and Animal Casein,. 888 

O Vegetable and Animal Kbrin, . . • • • • S88 

D Gelatiii, • • • 880 



a. CoiDpaaiid AlimenU— TegeUble Food*. 

A Tbo Otaint, SSI 

B Legumiainis Seeds, S4I 

C Fniito, IMS 

D Leavei, LuTiUlki, etc, 3U 

E Boots, Tab«r8, Bulbs and Sbooti, E4S 

4. Compouud Aliments— Animal Foods. 

A CooatituCDta of Ucat »a 

B PniductioD and compasitioa of Uilk, .... SSO 

BL Ci;i.THiRr Chavsib or Alihixtart Smtruion. 

1. Combining the elementa of Bread, ..... £&6 

5. Bread raised by FermeDlation, ...... jl£!l 

5. PraperlJcs and action of Ycaat, KS 

4. Railing Bread nithonl Frrmentatiou SST 

G- AlLeratioa* produced in baking Bread, .... S71 

6. Infloenoe of fonign aubatuices npon Bread 871 

7. Vegetable Foods cbooged bj boiling,. .... STf 

B. Hon cooking cbnngcs Meet, ...... SSI 

9. Preparation and properties of Bntter, .... 18S 

10. PrepantJon and properties of Cbecse, SSI 

tV. CoiuoM BivEumg. 

1. Properties and preparution of Tea, ..... 299 

2. Froperiiea and prcpuratioD of Cofee, S93 

5. Coooa and Chocolite, ^98 

V. PuHurATioK or Alihiktabt Scmuion. 

1. Cbumi of their ChiDgcableaeaB, SOO ' 

3. Preterration b; eiclusioa of Air, ..... 101 

8. PreserTstioD at I«it Tem{teTUu^e^ tM 

4. Preserration bj Drying, SOD 

B. Prtaerration by AntiseptiGB, SU 

0. Presorrnlion of Uilk, Butter, and Cbaew, ... SU 

I. Itu(uu4 or CvLiHiKi juid Tabu Utixsiu IIB 

I. PvntOMoicu. srrKTTs or Food. 

1. Biais of the damand Ibr Alimctit, 324 

5. DigcstioQ— Cliangei of bod in the Uoolh 330 

S. Di)(estioa— Changes of (bod In Ihe Stomach, ... 836 

4. Sigeatiati— OhsDgcs of feod in Uio IntestiDes, ... 144 

G. Find destinitian of Foods MT 

«. Production of Bodilj Wamifb tSt 

T. ProdactioQ of Bodily Strength, B« 

1 



OOONTKNTi. 



8. Min^ Bodj, and Aliment^ .•••••• 864 

9. Inflaente of Special SabsUnoes. 

A Saline Matten, 869 

B Liquid Alimeots, 874 

C Solid Aliments. .••••••• 888 

10. Natritire ralne of Foods, 892 

11. The Tegetsrisn Qaestion, ...... 408 

IS. Considerations of Diet, 408 

FART Y.-CLEANSIKa. 

L FinrciPAL Guuxiiira Aonraiy 422 

IL CLBAmnro OF TixTiLs AincLBy 428 

EDL GuBunmro OF THi Puaoir, ' . 481 

lY. Glmaxsino OF THI Azsy •.••••••• 486 

y. Pomoin, • • • . 441 

AFFENDIX 448 

QUESTIONS • • . • • • • ... 445 

INDEX • • • • • • • 466 



PREFACE. 



WA. DSSIR6 to prepare a better statement than has btthcrto 
■ Ikecn offered, of the bearings of ficienoe upon the economy of 
i household, has led to the following work. The purpose 
I bs been, to condense within the limits of a convenient manual 
I fte largest possible amount of interesting and valuable scicn- 
r tifio information of those agents, materials, and operations in 
I iriiieh ive have a concem,chiefly as dwellers in houses. 

The subjects are treated somewhat in an elementary way, 

tnut with constant reference to their domestic and practical 

latiooe. Prinidples are universal; their applications are 

jKcial and peculiar. There are general lava of light, heat, 

pd idr, bnt they may be studied in various connections. 

iierc are many things about them which a person, as a resi- 

r dent of a house, cares little to know ; while there ftre others 

iln which he has a profound interest. To consider tbcHe,WG 

I iesume to lie the province of hou»e/iold science. The question 

I of moisture in the air, for example, is one of universal scien 

i interest to meteorologists; but it has also a special and 

▼ital import for the occupants of stove and furnace heated 

rooms. Different colors, when brought together, alter and 

motlify each other according to a simple and beautiful law 

and the Painter, the Decorator, and the Dyer, have each } 

technical interest in the principle ; but hardly more than the 

Lady at her toilette or engaged in famishing her house. Tht 

Agriculturist is interested in the composition of food, as a 

producer/ the Householder equally, as a consumer. Tfad 
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Doctor moBt know the constituents of air and its action upon 
the living system for profcBsional pwrposos, and he studiei 
these mattfirs as parts of his medical education ; but for the 
same reasons of life and death, the inhabitants of houses are 
concerned to understand the same tilings. 

These examples illustrate the leading conception of the 
present work. Its preparation has been attended with grave 
difficulties. Of course, a volume of this compass can present 
only a compend of the subjects it considers. Heat, light, air, 
and aliment are topics of large extent, wide and complex in 
their principles, which are of boundless application. We do 
not profess to have treated them with any completenesg^ 
but only to have brought distinctly forward those aspectJ 
which have been formerly too much neglected. In deciding 
what to state, and what to omit, we have been guided by two 
rules; jSm(, to present such &cta and principles as have the 
directest bearing upon household phenomena; and, second, to 
bring into prombence many important things not found in 
common books nor included in the ordinary range of school 
study. As elementary principles may be found fully treated 
elsewhere, we have been brief in tlielr statement, thus gaining 
opportunity for important hints and views not generally acces- 
sible. Our chemistries are deficient in information of the 
compodtion and properties of food, while tTie physiological 
class-book^ are equally meagre in statements of its effects; 
wo have accordingly dwelt upon these points with something 
of the fulnesa which their importance demands. So with 
Iieat, light, and air. It is hoped that the following pages will 
vindicate the fidelity with which we have labored to enrich the 
volume with new and valuable facts and suggestions, not pro^ 
curable in our family manuals or school class-books. Many 
of the subjects presented have recently undergone searching 
investigation. They are rapidly progressive ; facts are multi- 
plying, and views widening. We have spared no pains to 
give the latest and most authentic results. Although the vol- 
mno is to a great extent Belf-esplnnatory, and adapted for 
family and general reading, yet in the proper order o^^o^ 
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Kndy it will find its most appropriate place after a courao of 
Blomentftry lessons in chemistry and phyMology. 

We have striven to present the atibject in snch a manner 
as to make rcadiug and study both agreeable and inBtnictive. 
Technical terms constitute a formidable obstacle, on the part 
of many, to the perusal of scientific books. This is a very 
■erioas difficulty, and requires to be managed as best we can. 
In works designed for general use they should be avoided as 
&r as [Kisfiible, and yet it is out of the question to think of 
escaping ihem entirely. If we would enjoy the thoughts of 
science we require to learn at least a portion of the language ia 
which alone these thoughts are conveyed. The new objects 
■nd relations most be named, or they cannot be described and 
considered. We have studiously avoided obstructing the 
course of the common reader with many technical words, yet 
tlicre are some whidi it was impossble to omit. The terms 
carbon, oiygen, hydrogen, nitrogen, carbonic acid, and some 
Otlicra, though hardly yet famiUarizcd in popular speech, must 
aooa l>ecome so. They are the oamcs of substances of univer- 
flal interest and importance ; the chief elements of air, water, 
food, and organized bodies by which Providence carries on 
the mighty scheme of terrestrial activity and life. They are 
the keys to a new department of intellectual riclies — the latest 
revelatioa of time respecting the conditions of human exist- 
ence. The time has come when all who aspire to a character 
for real intcUigoace, must know something of dio objects 
which these terms represent. 

Aa respects the body of its facts and principles, any work 
of this kind must necessarily be of the nature of a compilation. 
We make no clium to discovery. The materials of the volume 
—the result of laborious and life-long investigations of many 
men — have been gathered from nundierless sources, — from 
standard books upon the various topics, scientific magazines, 
original memoirs, personal correspondence, observation, house' 
bold experience and laboratory examinations. Constant rcler- 
is made to authorities followed, and the hmgnage of 
others employed whenever it appeared to convey the moat 
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suitable statement. Exemption from errors can hardly be 
expected in a work of this kind— errors of oversight and 
errors of judgment. Besides, many of its questions are in an 
unsettled state and involve conflicting views. Yet the utmost 
care has been taken to make an accurate and reliable presenta- 
tion of the subjects considered. 

The Author desires to acknowledge his indebtedness to 
his sister, Eliza A. Youkans, for constant and invalua- 
ble aid in the preparation of the work, not only in various 
experimental operations incident to its progress, but abo in 
several parts of its Hterary execution. To his friend Mr. 
RiCHABD H. Maioong, who, though engaged in absorbing 
mercantile pursuits, has yet found time for thought in the di- 
rection of science and its applications, his thanks are due for 
valuable suggestions and important manuscript corrections. 

If the work shall serve, in however small a degree, to ex- 
cite thought, to give additional interest to household phe- 
nomena, and awaken a stronger desire for domestic improve- 
ment, the labor of its preparation will not hfive been perfonncd 
in vain. 

Nbw Yobe, Auguitf 1807. 
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work is presented, dtunung plaoe in b systemttic coarse o( 
■ofaool sCadj, two qnesUoQB &t once arise in tlie mtad of the dinctimi- 
■ating edacator:^j(, what \b the natnro, rank, and vulae of the 
knovledge it impartsT and, ttctmd, what will be its gener&l influence 
■pon the mind of the student? In this twofold conneiion there ore 
Mine tliouglita to whiuh we solicit tlie reader's earnest and conddorate 
attention. 

Tlie present volume has been prepared nnder a conriction that the 
knowledge it commuDioales is first in the order of importance among 
thiDgB to be considered by rational and civUized people. "Every 
Kan's proper manaian-haiiBe and home," says 8ib Hsitbt Woitom, 
**i8 the tlieatre of his hospitality, the seat of self-fruition, the cum- 
fbrtabiest port of his own life, the noblest of his son's inheritance, a 
kind of private princedom ; nay, to the possessors tbereof an epitome 
of the whole world." Nothing needs to be added in eology of the 
household home, the place of life's pnrest pleasures and sweetest ex- 
periences, the perpetual rallying point of its hopes and joys. What- 
ever can render it more pleasant or attractive, or invest it with a new 
interaet, or in any way improve or ennoble it. Is at once oommended 
to oar sympathy and regard. To consider all the agencies whioh in- 
fluence the course and oharaoter of household life, is far from the ob- 
ject of the present work. Our conoern is chiefly with its more mate- 
rial cironmslances and conditions. That we ahonld nnderstand some- 
thing of the wonderful physical agendas whioh have control of oar 
earthly being, and whioh are so inceBaaatly illnstrated in the dwelling, 
and be at least partJaMy aoquiunted with those fixed natoral ordi- 
onnces upon which onr dsdiy welfare, comfort, health, and even life, 
immediately depend, most certainly l>e acknowledged by all. One of 
the most startling facts of man's history is, that placed in a world of 
order, and endowed wilL suoli exalted gifts of nnderstond- 
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log and reason, be ahonid jet bave contrived to maintmn bo dense and 
perfect an ignorance of bimsclf and the familiar objects bj which be 
ia anironnded. Tbiit exact koowleilgoof the wajs of nature which pnti 
her powers at human command, and bears the diulj fruit of aubstui> 
tial improreinent and nniversal beneficence, would »cem to be the last 
and noblest achievement of mind; a (rnition of long intellectual 
growth, the highest form in the latest time, after the preliminary and 
preparatory experience of ages. In its earlier striringa we observe 
the mind of man intentlj occnpied with itself, and regarding material 
natnre with nnutterable disdain. It wandered aimless and disaatisfied 
in the mist; rogioos of specalaticn. Its first great conqaeat was ia 
the realm of abstraction, farthest removed &om the vnlgaritiea of 
mere matter — the discoTerj of mathematical principles. The oarliest 
application of thought to pbydcal subjects was away in the distant 
fpherea, where imagination hod revelled wildest IVom immemorial time^ 
to the InminooB points and mysterious movements of the heavem 
which, according to Plato, were most admirably fitted to Ulustrsta 
geometry. The sides were mapped and charted long before the cartb. 
CoPEBXicca Btmuk out the grand law of celestial circalation befora 
Eakvbt discofered that of the blood. The genius of Newton flashed 
an immortal light npon the meohanisni of the nniverse, many yean 
before BcMrom> began hia humbler domestic investigations. Oentnriet 
have passed unce the establishment of universal gravitation, white 
there are men now living who may recollect the most gigantic stride 
of modem science, the discovery of oxygen gas by Fbiestlt, and the 
earliest analysis of the urwe breathe. Obemistry, which is the name 
given to the first aeriana grappling of human intelligence with all 
forms of common matter, belongs chiefly to our owti century, Thi^ 
too, has been progressive, aod in its course has conformed to the gen- 
eral law we are indicatmg. Its earliest investigations were directed 
to inert mineral enbstaocos, stones and rocks ; while the formal and 
^tematie elucidation of those conditions and phases of matter in 
which we have the deepest Interest — vegetable and animal compounda 
and prooesees, agricaltnral, physological, and dietetical chemistry — is 
eminently an affair of oar own day. Thus, the spirit of inquiry, at 
firrt recoiliDg from matter, and circling wide tijrough metaphysiod 
vaoDitiea, gradnolly closed with the pbydcal world, and now finds Wtv 
last and highest inquest into the material conditions of man's dail^ | 
life. The course of knowledge has been expansive, us well as pi 
grestdve; from narrow views to universal principles; from emj 
^eoolalMaa to world-wide ntilltiee; from the pleasore of a ftiw 
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the advantHga of the toaay ; from utter igaoraQCe and contempt of 
Dfttiire^ to tlie revelation of aU-embrucing laws, and a Iwnntiful and 
hanuonioos order in llie commonest objects and operations of daily 
oiporience. To the trncli of this general gtalemenl, the eristencu of 
the present book maj be taken as a strong attestation. The masa of 
its faot« and principles are Che result of recent investigation. A 
hundred j-etu^ ago snch a work wonid have lieen, i[i all ite essential 
feataren, a blank impossibility; indeed, it bad lacked its richest mate 
liaU if prepared for the last generation. 

These &cts aboold not be without their influence apon the schemi 
of popnlar ednoation. It is ita first duty to communicate that iofor- 
matiou which can be reduced to duly practice, and yield the largest 
measure of positive good. If recent inquiry has opened new treasures 
of available truth, it is bound to tiiko charge of them for the general 
benefit. It must report the advance of knowledge, and Keep pace 
with the progress of the human mind, or it is false to its trust. ' 
■ubjccts of stndy shonld be so modified and ertcnded as to afford the 
largest advantage, intoUeotual and practical, of the labors of the great 
oipounders of nature, — e^)eoioUj in those departments where knowl- 
edge can bo mode most useful and improving. A rational and com- 
prohendve plan of education for all classes, which shall be based upon 
man's intrinsic and essential wants, and promjitly avail itself of every 
Dew view and discovery in science, to enlighten him in his daily rela- 
tions and duties, is the urgent demand of the time. Nor can it bt 
klways evaded. We are not to trundle round for ever in the old rob 
tlKiught, clinging with blind fatuity to crude achemes of instruelion, 
which belong, where tbey originated, with the bygone ages, Ilu who 
has surrendered his life to the inanities of an extinct and exploded 
mythology, hut who remains a stranger to Qod's administration of 
the living universe ; who can skilftilly rattle the skeletons of dead laa- 
gnagea, hot to whom (he page of nature is as a sealed hook, and her 
Toifea OS an unknown tongne, is not always to be plamed with the 
■apereminent deeigoation of 'odacated.' 

There are many things, unquestionably, which it would he most 
desirahle to study : but opportunity is brief^ and capacity limited ; 
and the acqiusitioD of one thing involves the esclojjon of another. Wa 
cannot learn every thing. The qneBtion of the relative rank of vari- 
ous kinds of knowlodgo — what shall be held of primary importanc* 
(uid what snbordinate, is urgent and serioos. As life and henlth ar« 
the first of all blessing!^ to maintain them ia the first of all dntifo, 
tnd to imder«tand their conditions the first of mentnl re/]uireniecits. 
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Sir tHTBODUCnOET. 

Eball the thousand matters of mere distant enO cnrions coDcernmenl 
be saffered to bold precedence of tbo solemn verities of being which 
are woven into tbe coDtextnre of iamiliar life I Tlie pbysioal agent! 
wliiuii perpetoallj snrround, and act opon, and within ns, heat, ligb^ 
air, and alinicnt, ore liable to perversion throngh igDoraace,Bo as If 
produce suflcring, disease, and death; or they are cajmblo tbroti^ 
knowledge of promotiiig health, strength, and eqjofment. Vihat 
higher warrant can he asked that their laws and effects shall becoDM 
anbjeuts of general nnd earnest stndj. It maj seem strange that hi 
regard to the liCal interests of life and health, man ehonld be left 
without the natoral goidonco of instinct, and he driveu to the neccssitj 
of reflection and Btad; ; that he for whom the earth eeems loada 
sbonld ho apparently less cared for in thetso respects than the inferior 
animals. Neyertheless, snch is the divine ordination. Neither o 
senses, instincts, nor mtinBtrQCted faculties are snfGcient guides to got 
or gaards from evil, in even tbe ordinary conditions of the dvilisel 
state. Things which most deeply affect onr welfare, the eodscs fail te 
appreciate. Thoy can neither disoem the properties nor the prosenM 
of the most deadly agents. The breathing medium raay be laden witb 
noiiona gases to the peril of life, and the senses &ul to detect the da 
ger. nnngor and thirst imptd na instinctively to eat and drink, b 
they fiiil to inform ns of the nntritive value of alimentary snbstanoea 
or their dietetical fitness to onr varying requirements. For all thon 
things which are independent of man's will, Providence has takoi 
obondant care to provide; while in the domain of vol nntary action, 
blind instinct is replaced by rational forecast. Wliatevcr may ban 
been those original conditions of bare animal existence which b< 
yet sigh for, na the ' trne state of nature,' we are far removed from 
them now. They have been saeocasively distorbod a^ generatjoB 
alter generation, intelligent ingennity baa boon eicrcised to gain cMU 
trol of natural forces for tbe secnring of comforts and Inxnriefl, and 
to liberate man irom tbe privations and dmdgeries of the n 
condition. Bat nnminglcd good seems not permitted ; the beneflts ara 
alloyed with evil. Thus, the introduotign of the stove, while afford 
big the advantage of economy and oonvenience in the managemenl 
of fire, was a step backward in the matter of ventilation. Gat* 
lighting was a great advance on the methods of ortificinl illuminatiost 
Lot there come witb it angmoatcd uooiamination of the hreathinf 
mediam and new dangers to the eyes. Agntost these and e 
oidenlol niiaehiefs — ' reaidnes of evil ' that accnmnlate ngoinst the pn* 
iominatiDg good, there is no other proteoUon than Intelleot, iBsBuaHA 
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in tlie material conditions which inflaence our heaJih and life, fot 
theea,ui<l kindred considorations of practical momeiil to all who oc- 
oiip7 direlliDgs and aagnme civilized relations, we urge the stndj 
of hmachold KtefuM as an essential part of general edacatiim. 

It deaerTea to be better uiider«tood,that the highest valne of science 
ts derived from ita power of lulvanciiig the poblic good. It is more 
and more tA be oousecrat«d to human improvement, as a suhliue re- 
generative agency. Working jointly and harmoniously wiUi the great 
inoral forces of Cliriatlon Oivilization, we believe it is destined to effect 
eitenaive social ameliorationa. That it is not jet fuUj accepted in this 
relation is hardly aurprising. The work of preeenting scleotiflc troth 
in those forma which may best ooguge the popolar mind, is not to be 
jiurlyeipoctod of those who^ve their Uvea to ilaori^nal development. 
There ia a deep sstUfaction, an iatrinaio compensating interest to the 
discoverer in the naked qnest of trntb, which is largely independent of 
■ny utility that may flow from the inquiry. In the exalted o 
aese of achievement, themau of science linds an intellectual r 
^oo, so royal and satisfying that other coiuaderationa have compora- 
.tively little weight. Hence the indifference, to a great degree ioevi- 
jtablo, with which original explorers contemphite the rednction of aci- 
«ntilio principles to practical use. Moreover, Uiis utter carelessness of 
nsolls, where the mind is not biased, nor the vision blnrred by altorior 
considerations, is lar the most favorable for suooeaafnl investigation. 
Conscious that the effects of bis labors are finally and always beneficial 
In society, the enthusiast of reeeardi may be excused his indifference 
io their immediate reception and uses. But the fonnal denial that the 
■UtgiaEioe of mind is supremely due to the good of society is qnit« 
cnoUiernflair. Tbeseuiimenttoowidclyentertained in learned and edu- 
Xtaliontd eirclea. that knowledge is to be firstly and chiefly prized for ila 
own sake, and the mental gratifioation it prodncea, we cannot accept. 
She view seems narroiv and ilUbcral, and is not inspired of humassym- 
fwthy. It took origin in limes when the improvement of man's con- 
dition, his general education and elevation, were not dreamed of. It 
came from the ancient philosophy, which wasnotadiapcnsaUonofpop- 
alar bcnioficeiice, an iJl-diffusiTe, ennobling figency in society, bat con- 
feaeed ila bigfacst aim to be a personal advantage, simt op in tho iadi- 
Tidiiol sonl. It was not radiant and outflowiag like the smi, bat drew 
all thinRs inward, engulSag them in a malatrom of sdlishneai. 

The baneful ethicsof this philosophy have given place to the higher 
«nd more generous inculcalious of Ohriatiauity, whioh lays upon Im- 
natare ita brood and eternal requirement, 'to do good.' Fron 
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this antlioritative moral demand science oannut be esoinpt«d. Th« 
power it confers is to be lield and nscd ns power ia exercised b; Ood 
himselti for purposes of nniversal blessing. 

We place a bigb estiniBte apon the udvantagea which society may 
reap from a belter scqnaiatance with material phenomeiia, for life is & 
BterD realm of cause and effect, fact and law. To the poetic daj-dreamer 
it may be an aSeir of sentlmeat, an 'illnsioD,' or a ' vapcir,' bnt to 
Uie mass of mankind, life ia a solid, nnmisUkable reality, Chat will not 
disaolve into mist and cannot be ooajncedoutof its qualities. As such, 
we wonld deal with it in edncatioa, giving promluonce Co those forms 
of knowledge which will work the largest practical idleviations and 
IBoaC anbstaiitial improTeoient thronghont Che communiCj. Bat it ii 
wisely designed that tlioae studies which maj become in the higtient 
degree useful are also lint in iutellectnal interest. It is a grievous mis~ 
take to suppose that the stud; of natural science martyrizes tlie wore 
ethereal faculties of the soul, nod dooms the rest Co painful Coil among 
tite naked sterilities of commonplace existence. Su far from being on- 
friendly to the imagination, as is sometimes intimated, science is iu 
BOblest preanrsor and oily. Can Chat he unfavorable to this facidty, 
which inGnitely mnltiplies its materials, and bonndlesaly amplifies ita 
scope t Oan Chat be restrictive of mental sweep, which milocks ths 
mysteries of the universe and pioneers its way far into the conncils of 
Omniscience ? Who was it that lifted the veil, and disclosed e, aev 
world of exquisite order and beauty in all the cominoneat and vujgar- 
esC forms of maCter, below the former reach of eye or Chooghtl Who 
was it that dissipated the fabulons * firmnmeat,' which primeval iguo- 
rance had mounted over its central and stationary earth ; set the world 
in motion, and nnfulded a plan of the heavens, so appalling in ampli- 
tude Chat imagination itself fall era in the survey? Who was it that 
first read the handwriting of God upon the rocks, revealing the history of 
ourplonetandits inhabitants through durations of which Che mind had 
never before even presumed to dream ! In thus unsealing tie my steriea 
fif being — in turning the commonest spot into a museum of wonders- 
who can doubt that science has opened a new and splendid career fa 
the play of the diviner fiicolties ; and ChaC its pursuit aflbrda Che most 
exhilarating, as well as Uie healthiest and purest of iutelleotual ei^oy- 
mentst Nor should we forget ita elevating tendencies; 
tomplating the varied scheme of being around, ita beauties, barmonie^ 
odaptatjons, and purposes of profoundest wisdom, the Uioughla ascend 
in unspeakable admiration to the infinite Source of truth and light. 
We ehonld educate and elevate our nature by these studies, storing oar 
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iniods with the richest materials of tbonght, enlarging oar capsdtiei 
of benign eiertion, and rising to a more intimate oommnnion vith tba 
epirit of the Great Maker of all. 

Bat be/ond these conBideradons, physical sdence boa another oiaim 
opoQ the InatrQctor,iji the kind and extent of the mental discipline it 
affordu. Tho stadj of nialLomstios has a conceded value in this illa- 
tion, being eminent]/ faTorable to preuiuon and persis[«nce of the 
mental opcrationB — to steadfast concentration of thought npon ab- 
etract and difficult sabjeota. But we hope nut to incnr the char^ of 
educational heregfjby espresalng the opinion,that its training is somC' 
what defective — is neither enfficientiy comprolionsivB, nor altogether 
of the right kind. Its influence is limited to certiun fitciilties onljr, and 
the taethcd to which it aocnstoms the mind is too little available in 
grappling with the practical problems of life The starting-point of 
the mathematician is oert^JQ universal truths of conscionsncsa, intui- 
tive axioms — Bfisomed without proo^ boeause they are aelf-evidant, and 
therefore incapable of proot From these, by various operations and 
chains of reasoning, he prooeeds to work out spetnal applications. Ilia 
direction is ftom generals to particniars — it is inferential — dtduetiot. 
But when we come to deal with the phenomena of the external 
world, and the actuolitieB of dailj experience, this plan fiuls, and we 
are driven to the very reverse method. In the phenomenal world we 
are without tho etem^ principles, settled and assumed at the outset ; 
these become themselves the objects of investigation ; they bsve to l>e 
eatabtishod, and we miut begin with particulars, special inquiries, 
experimental investigations, the observation of fiicta, and from these 
we cautiously proceed to general truths — to universal priudples. 
The process is an ascent from porticnlora — generalization — induo- 
Uon. That the whale is greater than a part, or that two parallel Ibca 
will never interseet each other, are irresistible intuitions, taken for 
granted at once by all minds. Bnt that matter attracts matter with 
a furoo proportional to tho square of its distance ; or that chemical 
combinntion takes place in definite unalterable proportions, are truths 
of ittdiution — general laws, only arrivcdat after long and laborious in- 
vestigation of partioolor facts. Those are eaentiolly opposite metho<la 
of proceeding in different departments of inquiry, each oorrect Ju il« 
own sphere, bat false ont of it. The hmnan mind started with the 
muthoniatica! method, and the greatest obstruction to the prugross of 
physical science for many centurius arose from the attempt to apjily 
it to outward phenomena ; Uiat is, to aranme certain principles as troa 
of the external world, and to reason from them down to tile GLots ; in> 



< 



Xni IKTKODIJCnOM 

Bteadof iKginning witli Ihe facU, and caroMly evolvioK the geuertf 
UwB. The (iploodid acliievoiuants of modoro science are IJi» fruit d ' 
the indoctive uethud. Tliisshonld be Inrgely joined with the iDittba> i 
matioal to seonre a full and harmouinns mental discipline. It ediH 
Mt*» the attention by establishing habits of accurate obserratto^- [ 
strengthens the jndgmeut, teaches the snpreinacj of facta, cultivate I 
order in their clae^catioo, and develops tlie resBon tbrongh the e** 
tublkBhinont of general prinoiplee. It is clunie(),ti3 aa advantage of 
mathematics, that it deala with cortaiutiea, and, raising the mind abors | 
the confustona and insecurities of imperfect knowledge, habituates It | 
to the denioud of absiilute trutli. That benefits mn; arise from tbit 
exalted state of igtellectnal requirement, we are far Irani doubting 
and are conscious of the danger of resting satisfied with anj thing 
abort of perfect certitude, where that can l>e attained. BqC here 
again there ia poseibilitj uf error. Matliomatical standarda and pro- 
ceases are totally inapplicable in the tboosand-fold contingencies' of 
common experience ; and the mind whicb is deeply imbued with ita 
spirit, is little attracted to those deportments of tbongbt, where, after 
the ntmost lubor, there atill remain doubt, dimnees, nnoertaioty and 
enlanglemont. And yet, such is precisely the practical field in which 
our minds must doily work. The mental discipliuo we need, there- 
fore, is not merely a narrow deductive training of the facnltiea of oalv ] 
culation, with their inBezible demand for eznctitudes; butancbasyft* ] 
teraatio and symmetric eiorciso of its aeverol powera aa shall render 1 
it pliant and adaptive, and train it in that class of intellectoal opera- i 
tions which shall beet prepare it for varied and serviceable intelle<y | 
toal dnty in the practical utfairs of life. 

There is still anotlicr thought in tbb connection which it is 
portant should be expressed. It liaa been tou much the policy of the 
past so to train the wind as to enalave, rather than to arouse it. Edih 
cation, from [he earliest time, boa beeu under tliu patroua^ of cirft * 
and eccleuasticol despotisms, whoae necessary policy baa been the re? 
prexdon of free thought. Tlie state of mind for ever insisted o. 
been that of submissive acceptance of authority. Instead of layiiv 1 
ojion the Umitations, uncertain ties, and conSicta of knowledge:, whiiA J 
arise from ita progreadve nature, the spirit of the general teaching 1 
baa beC'n that all things are settled, and that wisdom has reached itt i 
Uat fulfilment Instead of enconraging bold inrjuiry, and inciting ti 
noble conquest, the effect has rather been to reduce the stndent to i 
raere tamo, unquestioning recipient of establiabod formnlaa and I 
time-honored dogmas. It is obviooa on all aides that this slat* J 
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of tluogs has been deeply distorbod. The iDtrodnctdoa of Ke< 
poblicanisnii with political freedom of speech and action; tha 
Advent of FrotestanUsm, with religions tiberl; of tlioughti nai 
tiio Bpluiidid march of science, which has enlarged the oircle 
of knowledge, multiplied the elements of power, and soattered social 
■od industrial revolution, right and left, tor the lust hondred years — 
these new dispensations have invaded the old repose, and fired the 
Buiuds of mnltitnd«a with a new eoosoionBoesB of power. Yet we 
canQot forget that our edacation still retaina muoh of, its ancient 
spirit, is yet lai^ely echoUstic and arbitrarily authoritative. We 
believe that this evil may bo, to a oonsiderable degree, correoled 
by a frsnk admission of the incompletonees of muoh of our knowl- 
edge; by showing that it is necessarily imperfect, and that the 
only jost and honest course often involves reservation of opinion 
and suspension of judgment. This may bo consonant neither with 
the teacher's pride nor the popil's ambition, nevertheless it is 
imperatively demanded. We need to acqm're more hnmtlity of 
mind sad a ^incerer reverence for truth ; tu niiderstand tlmt much 
which passes for knowledge is nnsettlei), and that we should be 
Oonstant luarnera through life. The active influences of society, 
■3 well as tha school-room, teach for other lessons. We are com- 
mitted in early childhood to blind poriisonsfaips, — political and 
roligions,— find drive on'throngh life in the unqncstioning and unscra- 
ptdous advocacy of doctrines whit^ are quite as likely to be false as 
true, and are purbapa ottcrlyincapableof honest definitive ai^astmout. 
Science inculcatoa a diffetent apirit, which is most forcibly Ulustrated 
Id those branches where absolute certainty of conclusion is difficult of 
ftttainment. Mr. Paqbt has urged the aolutory infiuenoo of the «tady 
of physiology in this relation, Hesaya, "It is a great hindrance to the 
progress of truth, tliat some men will bold with equal tenacity things 
tliat are, and things that are not, proved ; and even things Uiat, from 
tiieir very nature, do not admit of proof. They aeem to Uxiok (and 
ordinary education might be pleaded as justifying the thonght) that a 
plain *yes' or 'no' con he answered to every question that can be 
plainly naked ; and that every thing thus answered is to be maiotaiaed 
as a point of conscience. I need not adduce instances of this error, 
while its mischiefs are manifested every where iu the wrongs done by 
premature and tenacious Judgments. I am aware that th««e are faulls 
of the temper, not less than of tiie judgment; but we know bow much 
the temper is influenced by the character of our studies; and 1 Uiiuk 
if any one were to bo free from this ovor-zeal of opinion, it should b« 
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one who is early instrneted in amin certain HCienceanch as pbrsiology.* 
In tie present work, the cbief fltatements compriBeii anJer heat, ligh^ 
and air, raoy be regarded as settled with a high degree of certainty, 
while mneh of the matter relating to food and its cffcotD is lesa clearly 
detenained ; — its tnitii is only approximative, and we have stated it, 
as EQcb, witlioDt hesitation. While the reader is informed, he is 
the aame time apprised of the incompleteness of hii knowledge. 

An important result of the more earnest and geoerol pursuit ot 
Bcience, by Ibe yonng, will be, tofind ont and develop a larger unuiber 
of minds having natural aptitudes for research and investigation, i 
there are born poetj, and bom musicians, bo also tliere are bom in- 
Tentora and esperimentctia ; minds originally fitted to combine and 
monld the plaatio materials of nature into nnmberless forma of nscful- 
neaa and value. It is a vulgar error tJiat the work of discovery and , 
improvement is already mainly accomplisljed. The tbongbtful well 
understand that man has hardly yet entered upon that raogniflcent i 
career of conqueet, in the peaceful domain of nature, to wbiob be Is , 
destined, and which will be hastened by nothing so mnch as a more I 
general kindling of the minds of the young with enthusiasm for saienae> I 
The barveat awaits the reapers — how strange that man shonld hayff ■ 
neglected it so long. Fuel, air, water, and the metals, as wo see thenr ] 
acting ti^Uier, now, in the living, laboring steam-engine, have \teea , 
wuting from the foundation of the world for a chance to relieve n 
of the worst drudgeries of toil. Long and fmitlessly did the sunbeam I 
court the opportunity of leaving upon the earth permanent impressions 
of the things be revealed ; while the lightning, though seemingly m 
lawless and rollicking spirit of the skies, woa yet impatient to b< 
pressed into the qniet and uaefnl service of man. Can there be S I 
doubt that other powers and forces, eqnally potent and marvellous , 
«wut the discipline of human genius? Not in vain was man called I 
upon, at the very morning of creation, to 'sohdue the earth.' Already' I 
has be justified the bcstowment of the viceroy al honor: who ebaH ] 
KWak of the posdbilitiei that are waiting for him in the future 1 
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I. SODRCES AND DISTRIBDTION OF TERRESTRIAL HEAT. 
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hAnd a|ion a stuve with a fire in it, s feeling of wsrmUi is eipericDccd, 
while if it be made to tuuoh ice, there is a Bensation of cold. The ini- 
preaeions are Hnpposed to be cansed In botli casea bj the game foroe or 
agent ; in tbo first inatance, the impnlae passing from the heated iroo to 
the band ; in the second, from the hand to the ioe. What the natnre 
oreaMDCo of this thing ia, which prodoees snch different feelings by 
luoTing in opposite directions, and which mokes the diflbrenoe bft< 
twoeD Hommer and winter, nobody has yet discorerod. 
heat. Some have ooiyectored it to be a kind of material Said, exceed- 
ingly subtle and etliereal, having no weight, existing diffused through- 
out all things, and capable of combining with every known species of 
matter ; and this enppoaed flnid has received the name of ealoHa, 
Othora think heat is not a material thing, but merely motion: dtbot 1 
waves, or undulations produced in a nnivorsal ether, or a very rapW 1 
vibraliun, or trembling of the particles of common mutter, which is Is I 
Bomo way conta^ona, and psasos from object to object. Of the ei 
tial nature of heat we understand nothing, and are acquunted only 
with its^ertj; — our information is limited to ita behavior. It residM 
in matti^r, more* throngh it, and is capable of vaiionaly changing !ti 
conditions. Itia an agent producing the most wonderful reanltseveiy 
whore around and even within na; — a force of snob treinondons energy, 
snch (br-reaching, all-pervading infloenoo, — that womay almost ventnr* 
to say it has been appointed to toko control of the material universe ; 
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wMe in the plan of the Creator, it is go disciplined to tbe eternal re* 

Btrainta of law, as to become the gentle minister of oniversal benefl- 

2. T« wbat Eit«nl the Earth It wmed hj the Sib. Heat eomM | 
Irom tiie sun to tlio earth in streams or ravs associiiti>d ivith light, 
has been ascertained by careful menflnrcment, that the qnantity of 
eolor beat which folia upon a eqnare foot of tbe earth'a mirface in 
year would be aufiicieut to melt G400 lbs. weight of ice; and aa a I 
cnbic foot of ice weighs 51 lbs., the heat thus annually receired would' I 
melt a colnmn of it 100 feet high, or a shell i.f ice enveloping o 
globe 100 feet thick. As tbe enu torus around ouco in 25 days, thus 
constautly exposing different parts, we conclude that eqnal qnantities 
of beat are thrown from all portions of bis surface, and are thns ena- 
bled to calculate the total amount of beat which he itoparts annually. 
If there were a sphere of ice 100 feet in thickness completeljr sur- 
rounding the sun, at the same distance from him as the earth's orbit, 
his heat wonld be snffioient to melt it in the coarse of a year. This 
quantity of beat would melt a shell of ice eneeloping the sun'* sur/aeg . 
88.S feet thick in a minute, or 10.5 miles in thickness in a year. 
arey therefore, wanned by beat^rays shot through a hundred million I 
miles of si>oce, from a vast self-reTolvicg grate hsTing fifteen hundred ] 
thonsBQd miles of firc^nrface heated seven times hotter than onf' | 
fiercest blast furnaces. 

S. We get Beat Hm tnm t^ Stan. — Although the sun is the mort^ 
obTious and couspicuoua source of beat for the eartli it is by n 
itatole source. Of tbe enormous quantity of heat that streams away <| 
Id all dirootiona from bis Ba^fa(^e, the earth receives but a small [raa*>J 
tion. But it b) ndther lost nor wasted ; he notonly warms the eartb^*] 
bnt asMsts to warm tbe universe. Our globe catches a trifling portiM - 1 
of his rays ; bnt the rest fly onward to distant regions, where all ar*' I 
finally intercepted by the wandering host of orbs with which the [ 
heavens are filled. And what the sun does, all tbe other stars and \ 
phmets are also doing. A mighty system of exchanges {32)* is estob- 
Ikshed among tbe bodies of space, by which each radiates heat to all 1 
est, and receives It In torn from all the rest, according to thO'j 
"e of its endowments. The whole stellar universe thns contriV 
o our warmth. It is a startling fact, that if tbe earth ™ 
pendent alone upon the son tor heat, it would not get enough I 
Qie existence of animal and vegetable life possible npon its surfitcfl^ ^ 
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It resnlu from the reseorchee uf Pocclet, that the atony epnoes tux- 
niah heat enough iu the courso of a yoor to melt a crust ol' ice njioti 
tha earth 80 feet thick, ^hnoat as mnuh as ia snjipUed by the ann. 
This may sippeai' Btronge, when ire con^dor how immoiMDrnbly uuall 
mnst be tlio amount of heat received from any one of thoae distant 
bodies. Bat the surprise vaniahea, whan ne remember that the whole 
flrmaiueat of heaven U so thiekiy suwm with atari, that in aome jilacea 
thouiands are crowded together withia a space no greater than that 
wtupied by the ftill inoon, (Dr. Labdnkb.) 

4. Beat aacfunT Dlatriknted apoB tke Earths— The quantity of heat 
which tlie earUi rcceiTCs from the ann ia rery unequal at difieront 
times and pbces. The earth torna aronnd every clay; it ia globular 
ill form, and is conatantly cbaogiDg the position of its anrfaoe in relar 
tiun to the son, na it travcla about him in its annual circuit. Tiie 000- 
aeqarace 1% that we receive more heat during the day than at night; 
moro at the eqitat«r than toward thepolee; more in summer than in win- 
ter. We are all aware that the temperature may fall from blood heat 
tt mid-day, to the point of frost or freezing at night; and while at the 
e<]na[or they hare a temperature avoraging, the year round, 81-S 
degrees, at New Vorfc (leMlian 3,000 miles north), thoaverogeunnnal 
heat falls to 50 degrees ; and at X^brador (less than a thoosand milea 
Airther north), the nvoruge temporatnre of the jeor sinks below freeo- 
ing. Nor do places at the aame distance frum the equator reoeiva 
equal amounts of solar heat A great nmnbor of circmnatancea 
ounnected with tlieaorfacB of the earth, diaturb its rcgnlor and anifomi 
diitributioD. Dublin for example, ihocgli between eight and nine 
hundred miles further from the oqaator than New York, has as high 
ft yearly temperature. Some places also experience greater contraata 
fliaD others betwe^i the diilercat eoMona: thus while Now York 
lias the sonuner of Bome^ it has aLio the winter of Copeuhagon. 

U.— INFLUESCE OF HEAT UPON THE LIVING WORLD. 
G. U Caatnb the Dbtilkitiw of VegeUUe Ufe.— It is this vuriabl* 
quantity of heat received at dilFerent plaoca and seasons, whioh detur- 
mines the dislnbatlon of life npon the gtobo. Certain tribei of plauta, 
for example, flonrisb in the hot re^ona of the tropics, and cannot liva 
with a dimiuisbed ini«iiuty of beat Accordingly, as we pass to tiio 
cooler lalitudca, they duiappear, and new vurictica adapted to the new 
conditions lake tht^ir place. As wo poas into still colder rci^ons, thee« 
■gain give way to others of a liardier nature, or which are capable of 
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living where there is less heat. As we proceed from the hot equator 
to the frozen poles, or bb we pass upward from the worm \ailej to tbt 
snowy smnuiit of a loftj monntam, we cross snccesMve belts of varyiog 
vegetation, which are, as it were, defloitely nmrked off bj the different 
qnantitiee of heat which they receive. "In the tropics wo Bee the 
palms, which give bo striking a ctiaracteristlc to the furosts, the broad- 
leaved bananas, and the great climbing plants, which throw them- 
Belves from stem to stem, like the rigging of a ship. Next follow! % 

a descrilMjd as that of evergreen woods, in which the orange and 
the citron come to perfection. Beyond tliis, another of decidnons 
trees— the oak, the chestnut, and tie fmit trees with which, in thia 
dimatc, wo are bo welJ acquainted ; and here the great olimljers of 
the tropics are replaced bj the hop and the ivj. Still further advano- 
iog, we pass iJiroiigb a belt of conifers — firs, larches, pines, and othai 
needle-leaved trees — and these, leading through a range of birche^ 
which become more and more atnnted, introduce ns to a region at 
mosses and saxifrages, bat whiah at lengtli Las neitlier tree nor Bhrab] 
and finally, as tiie perpetnal polar ices are reached, the red enow aIgM' 
Ea the lost trace of vegetable organisation." 

e. HeM K«nl>l«s tb« DbtriUtlaa sf lilula.— It is the same also 
with animal life. Different animate races are adapted to different 
d^recs of temperature, and belong within certain heat-limil3, just like 
plants, lo going from the equator to the poles, different classes of 
animals appear and fade away, ns the temperature progressively d*- 
dines. Some are adapted to the alternations of winter and smnma* 
bj changes of their clothing ; and others, as birds, are porsoed fro* 
region to region by the advancing temperatures. Animals whose ooiu 
Btitntions are conformed to one condition of heat, if transported tor' 
another, suffer and perish: while the lion is confined to his torrid 
desert \J sand, the polar bear is imprisoned in the frigid desert of ieo; 
and, in both coses, the snnl>cain is the chain by which they are bounds 
■ 7. Hut InluiMi Haa^i Phfileal DcTelopatab— Nor does man fin- 
nish aa eiccptiun to these controlling effects of temperature. Hi* 
striking peculiarities of phjsical appeanuiDO and endowment, exIiibitoA 
by different tribes and communities of men, is well known ; and it 
long been nnderstood that much of these differences is due to the altdj 
powerfnl inflnenco of heat. "The inteniW oold,dwarfe and deforms 
Inliahitant of the polar regions. Stunted, sqnat, large-beaded, 
featured, short-limbed and sdff-jointc<l, be resembles in many pointl»] 
the wolves and bears in whose skins be wraps himself. As be Bp> 
proBchee the snnnj south, hia atatore expands, Ut limbs aoqoire 
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and proportion, and hia features are atnoliorated. In the genial re^on, 
lie IB bebeld willi that perfect conformatioii, that freedom of action 
Uid intellectual cspressioD, in whicli grace nnd beaut; ooDsist." 

8. EitKMM f r Drtaa In DlflbNBt hUaSXtlm. — The remarkable coQtrasta 
of tomperatnre which differeat races eiperienoe, ia well iUnstrated by 
tbcir circomstaDCes of dress. While in the West Indian lal&nds a 
■ingle fold of cotton is often fonnd (o be an incDrabronce, the Green- 
lander wrapB himself in lajor after layer of wooUenB and fure, foi-skina, 
■heep-sldns, wolf-skina, and bear-ekina, nntil ve might eappoao him 
veil gnarded against the oold ; yet with a temperature often a hundred 
degrees below the freeang- point, he cannot always protect himself 
Jtgunet froxen extremities. Dr. Kakb observes, " rightly clad, he is a 
lamp of delbrmity waddling over the ice: nnpictnresqne^ nncouth, 
and seemingly helpless. It ia only when yon meet him covered with 
boet, his face peering from an icy halo, his beard glued with frozen 
ree[iinition, that yon look with intelligent apprecinljon on bis many* 
coaled panoply against king Death." 

9. TupcnUifc ui CbirMttr.— The efiect of cold is to bcnnmb the 
body and blnnC the sensibility; while warmth opens the avennes ot 
•ensation, and increases the snsoeptibility to external impressions. 
Thns, the inteniuty with which the ontward world acta npon the inward 
through the sensory cbaoncK is regulated by tem|)eratnre. In cold 
omintries the pasdons are torpid and slavish, and man is plodding, 
anstere, stolid, and nnfeeling. With the barrenness of the earth, Uiere 
is slerility of thought, poverty of invention, and coldness of fancy. 
On the other hand, the inhabitants of torrid regions possess feverish 
•ensibOities. They are indolent and effeminate, yet capable of Prions 
action ; caprieioos in taste, often ingenions in device ; they are eitrav- 
agant and wild in imagination, delighting in the gorgeous, the daz- 
tliog. and the marvellons. In the medinm beat of temperate climates, 
these marked excesses of character disappear; there is moderatioa 
withoat stnpidity, and active ent«rprise without fierce impctaosity. 
Society has more freedom and justice, and the individaal more con- 
stancy Biid principle : with loftiness of thoagbt, there is also chastening 
of the imagination. By compuriug the ellucta of climate in the tor- 
rid, temperate, and frigid zone, we observe the dctenniiiing influence 
of external conditions, not only upon the physical natnre of man, but 
over the mind itself. "We may appeal to individual eiperionoe fur 
ttie enervating efkcia at hot climates, or to the common nnderstanding 

A to the great control which ntmoapheric changes etercist^ 
Dot only over the intellectnal powers, bnt even on oar bodily well' 
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being. It ie nithin a narrow range of climate that great men hni 
been born. In the earth's Honthero hemispbere, as yet, not one iM 
appeared ; and in the northern, they oome only within certain paral- 
lela of btitnde. I am not speaking of that class of men, who Id all 
ages and in every country, have risen to un ephemeral elevation, and 
have Bunk again into their native inBigoificonce so soon se the canses 
which have forced tbem from obBcurity cease, but of that other class 
of whom 0od makes but one in a century, and gives him a power of 
enchaotment over his fellows, so that by a word, or even by a look, 
be can electrify, and gnido, and govern mankind." — (Dr. Dhapkb.) 

10. lalaenMeftheSipplTarFaeL— The abnndanoeor scarcity of tbt 
sapply of fuel, as it controls the amonnt of artifii^lal heat, eierta a power* 
ihl influence npon the condition of the people in varions ways ; indeed, 
it may involve the health and personal comfort of whole nations, to 
(mch an extent, as even to contribute to the formation of national char- 
acter. Where tael is scarce, honses are small, and thdr occnponts 
crowded together; the external air is as much as po^ble esclnded ; 
tbe body becoiees dwarfed ; and the intellect dall. The dimiDutlve 
Laplander spends hia long and dreary winter in a hut heated by a 
smoky lamp of pntrid oil ; an arrangement which afflicta the whole 
natioti with blear eyoa. Scarcity of ftiet has not been without its 
efito in forming tbe manners of the polielied Parisians, by transfer- 
ring to the theatre and the cafS those attractions, whioii, in oonntries 
where fnel ia common and ebeap, belong essentially to the domestio 
hearth. 

11. TcHptntveu^ Laagugh — AsBirnisoTEnggosted not only that 
beat and air fashion both body and mind, but that they also have a 
great effect in forming language. He thought the serrated, close 
way of spealring among the northern nations, was owing to their 
relnctance to open their months wide in cold air, which made their 
speech abound in consonants. From a contrary eanse, the inhabitants 
of warm climates formed a softer langnage, and one aboanding in 
Towets. The Greeks, inhaling air of a happy medium, were celebrated 
for speaking with tbe wide-open month and a sweet-toned, sonorous 
aloontion. 

IS. ■■■ MT Hske Ui tin CUnate.— So controlling is this 
and yet man cornea ioto the world dcfenoeleas iirom its inv: 
provided with no natural means of proteation from its disturbing 
deatmetivo inflnenoe. Bat in the eierrise of that intelligenee whiell 
^ves him oommond over nature, he has studied the laws, pfopertiai^ 
Mid efibots of heat, and the methoda by which it may be prodnoi* 
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tad related. He has devised tho raetuts of crektiiig an aiidfldol and 

portable olimate, and thas of releoang Limrolt in a great measure, 

from the vioiflatndea of tomporatare. We are to regard the production 

and control of artificial clitoate, as an art inrolving tlie development 

and espauBtoD of mind and bodj, the proservstion of health and the 

grolongation of life. Such has been the thonfcht expended npon this 

"yeut, and so important the resnllB to tho well-being of roan, tliat we 

ly almost vcntnre to measnre the civilization of a people, by the per- 

itioa of ita plana and coatriraucee for Iho management of beat 

m.— MEASDBEMENT OF HEAT. THE THEBUoaETEE. 

18. HMI«odiUEqMlDUrul«B.— Wehavesaid that heat isaforoo, 

energy, ciisting everywhere thronghont natore. Every kind of 

jpatter which wu know contains heat, btit all objects do not oontun 

fqual quoDtities of it. If left to follow ita own law, heat would di»- 

itrihato itself throogh all the matter aroand, nntil each body received 

A oertnio abare ; and it wotdd then l>e in a condldon of general rest, or 

aqnol balance, (tguilHTium.) It is to this state that heat oonstantlj 

(Ntds. If a very hot bodj of any kind is bronp;ht into a room, we oil 

tnow it win at once begin to lose its heat, and that the temperature 

^eotinaes to descend nntil it is tho uune as the enrroonding air, walla, 

fnmitare. 

U. Haw te we get ululated wltk Heat!— But before heat can 

tend to cqnilibriiim, it must first 1!e thrown out of this state. There 

■)te forcva which tend to distnrb the eqval halamee of hent, cansing it 

leave wme bodies, and accnmnlate in others in nmiBnal or cxcesalve 

i^^tsnti^ea. It is the poanng of heat from body to body, from place to 

oe, — robbing one sntMtance ot it and storing it np in another; in 

irt, its motimt, and the effects it prodaces, which enable as to 

lome aoqnmnl«d with it. How, tlien, may we know whm one-Bnb- 

Manoe hoa been deprived of heat and another baa received it? or li 

ascertain tlio quantity of it which a body posseeaes t 

Hckt awiMilatlag l> Bedhs, eilargei tbew.— It is an effect of 

beat, that when it enters into bodies it roakos them larger ; it increi 

Uieir bulk, or eipsnda them, so that they occupy more spaoe thafi tliey 

did before. A measure that will hold exactly a gallon ui winter, will 

be expanded by the heat of sanuner so aa to hold more than a gallon. 

The heat of summer lengthens the foot-mie and yard-atiek. A pen 

dalnm is longer in snmmer than in winter, and therefore swings o 

Urates slower, wjiich cansee the clock to lose lime. Twenty-three 



pintaof water, taken at tho freezing point, wonldeipand into twentyirf^ 
fonr by being healed to boiling. The ditTeronce in the heat of t3a/f I 
BeasoDB affects Eensiblj the bulk of liquors. In the height of s<unn)ar,^'j 
Vn. 1. epirito will measure five per cent, more t 

depth of winter. (Orahaic.) When 180 degrees of' I 
heat are added to iron, 1000 cubic inches becom 
1045; 1000 cubic ioehesof^r become 1S6S. Som»*l 
Bnbstances, however, in taHdifying expand. Thieto^fl 
the ca^ with water, wMcb attains its greateali^B 
density, or shrinks into its smallest space, i 
temperature of S6'8°, as Eceu in Sg. 1. From tUt'l 
atf-i noi t nf P"'"^ either upward or downward, it enlarges ; a; 

cRUut at freezing, or 82°, the expansion amounts to about' 1 
1 r^njiiy. 1(1, (,fitg bulk, lee therefore floats upon the snrfaoo' I 
' of water. The wisdom of this exception is seen^'l 

when we reflect, that if it snuk as fast as it is formed," j 
whole bodies of water would bo changed to solid ice. 

16. BeUUsB belwMB Heat and EipaoalOD.— In the some t 
the objects about mi are changed in their dimenaioos as heat enters O^fl 
leaves them. Different sniwtances expand differently by tlie s 
qnantitios of heat ; but when a certain measured amount is added to, or 
taken from the same kind of substance, it always swells or shrinks to 
exactly the same eitsnt The variation of size produced in solid sub- 
Btancos, snch as wood, stone, or iron, is very snmll ; wo should not b 
aware of it without carefnl measurement. The same proportioi 
heat caoses liquids, such as water, alcohol, and mercary, to vary i 
bulk more than solids; while heat added to gases, or airs, produces ■ 
much greater eipanaon than it does in liquids. AltlioDgh heat thn^ I 
canses bodies to occupy more space and become larger, yet it does a 
make them heavier. The some substance weighs exactly the same, i 
matter how cold or how hot it is ; heneo heat is called imponderab 

17. Prlidpie aad CanitratttaB tt the Thcrmaniettr. — If, then, - 
a substance receives a certain quantity of heat, it nndergoes a ot 
amount of enlai^ment, we can use that enlargement as a meosu 
the heat; and this is what is done by the thermovteUr or heat-meagJj 
nrer, 'A common thermometer is a small glass tube, with a t 
aperture or hole throngh it, like that in a pipe stem, and ah" 
bulb on one end of it fig. S. This bulb and pnrt of the tube is 
with the liquid metal mercury. By suitable means, the air is rei 
from the empty part of the tube, and Its open end sealed up. 
bulb is then dipped into wat«r oontaimog ioe, and b mark is n 
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qMD the taba at the top of the mcrcarial column. Thig pcint of 
mehing ice is the saine aa tbat at which water freezes, SJid is beoM 

Lttlivdiiiejreainj/ point. The tube is then fu.i. 

I nmoved, and ^pped into bgiliog water. FttarcLbdik ir> oniiiiniia 

F Ihe heat pftssos from the water, through *'^* rAWi-i "■ 

tlie shtaa, into the mercnrj, which nipidlj 

Azpanda and rieea through the narrow 

bore. It pasMa up a considerable distanoe, 

d then elups; that amount of beat will 

L oxpond it DO mora. The height of the 

1 BiercnTy \» again marked upon the tube, 

[ andtbiBls taihA ihe hoilinff point of leater, 

I The distance npoo the tube betw^o these 

r two points is tben niorked off into ISO 
qiocea, which are called dtgrea, and 

I marked Q. Now, it is clear that tbe 

1 Knonnt of heal which mna the mercory 

' Up tlirongh theee 180 spaces is preciselj 

I Qio aoine qnanti^ that changed the water 

I from the fre«zing to the boiling point ; ao 

I that we wnf say that Ihe wal«r In this 

I received 180 degree* of heat If we mBmoniewr, 

■ pound of water at the boiling point with another pound at the 

I freezing point, the result will be a medinm ; and if the thermumeter 

I ia plunged into it, the mercnrj will stand at the ninetietb space — that 

I i^ It contains 90 degrees of heat according to this scale of meas- 

I nreraent. And so, b; dipping tbe thermometer into an; vessel of 
ater, we ascertain how much heat it oontiuoB. 
18. Hew Tb(rm*«e(en art Gndaat«4 er Harked.— But this is not 

I Iho wn; that the scale of the common thermometer is oetiiall; marked. 

I Its inventor, Fhibksiieit, instead of beginning to oouiit his degrees 
Upward from the freezing point, Ihonghl it wonid be better to begin 
to connt from a point of the extremeat cold. Accor^nglj, he mixed 
and anuw (G6) together, and potting his thermometer in it, the 
uercnry fell quite a disbmoe lower than tbe freezing point of water. 
This he supposed lo be Uie greatest cold it is possible to get, thongh 
tB intensity of cold has since been obt^ned 160° lower. Marking 
off this new distance throngh which tbe merDory had fallen, in the 
•ame wny as above, he got S2 additional spacea or degree. Calling 
tbia jioint of lenst heat or grcateet cold he could get, nMight or uro 
be counted up lo the freezing point of water, which was B2°, and 
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adding this to tbe 180 above, be got 212 oa the boiliag point of wfttcr. 
This is ihe way we find the common thermometer soale marked (Fig. 
8) upon Lrasa plates, to which tho gloss tube ia nltachod. The c-cnfi- 
grada thermometer calls the point or melting ice eero, and marks the 
spftce Qp to boiling water into 100 degrees. In Beanmnr'B thermometer, 
the same space is divided into 80 degrees. Degrees below zero are 
marked with the minns sign, thna — , It deserves to bo remarked, 
that the glass tnbe expands by heat as well oa the morom?, but by no 
means to so great a degree. And besides, there being s considonible 
quantity of meronry in the balb, it roqnirea bat a very small expansion 
of it to pnsh the quicksilver np the narrow tnbe, throngh a perceptible 

Id. EudlywkattheTbnwtaeteriadlnles. — The word thermometer 
is derived from thermo, heat,_and metron, meaanre, and it therefore 
signifies heat-meastirer. Bat what does it mcasare? That which is 
meosnred we nsnally name qvantUy. Bnt we mnat not suppose that 
the thermometer indieatea quantities of heat in any absolute sense. 
For eiamplo, if we dip a gill of water from a spring in one vessel, 
and a gallon in another vessel, a thermometer will indicate exactly 
the some degree of heat in one as in the other ; bat we cannot thence 
infer that the absolute qnantity of heat ia aa groat in tho gill of water 
BB in the gallon. The thermometer shows ns simply the degree of in- 
Untity of the heat in its roercnry ; and as this conatantly tends to the 
fiOxa^ point os that of stUToonding bodies, we take it> degree to he 
their degree. If the thermometer suspended in a room stands at 70°, 
WO say the room ia at 70°, because heat teuda to equalization. 
If by opening windows or doora the tliermometer falls to 60°, we say 
the room has lost 10" of heat, — speaking of it aa a meaanred quantity. 
The instmment indicates variable degrees of intensity, which are con- 
verted iuto expressions of qnantity. We ahall shortly see that there 
are certiun oonditions of heat which the thermometer totally fails to 
recognize. 

SO. ImperUnce trthe OoBMtlc vm of Uic Tbemoneter. — As the qnes 
tion of temperatnre ia one of daily and hourly interest, not only of 
the utmost importance in conducting nnmeroua household operations, 
but of the highest moment in relation to the mainlenauce of healUi, 
it wfll at onoe be seen that a thermometer is indispensable. Every 
fkmily should have one, and accnatom tliemselvea to rely upon it aa a 
practical guide in relation to heat, and not to depend npon /teling or 
fveuinjf. Thermometers costing from fifty cents to a dollar and a hal^ 
will Answer all ordinary porposes. Tbey are so monnted that tiut soaki 
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and tnbe nu; be drann oat of tbo frame, bo thtt the bclb can be im- 
meraed ia « Uqoid, if reqntred. Tbey moat be gradually warmed b«fbra 
dipping in liot liqnids to prevent froetiire of the glan, and of oauM 
need to be handled with much ctire. Their scales eit«Dd no bigfaw 
than the boiliag point of water. Then is nsoall j seme departure from 
a the indicationa of the cheaper daas of iostra- 
inta. Mr. Taglubtb, aprominent maker of this d^, statee that thee* 

IS rarely exceed from I to 3 dc^ees. 
21. ixUntOag Facts cf itrnftnOin. — We groop together a kw ^m 

a of temperatnre of familiar iuCercst.* ^^H 

K--4P ^^H 

tv«t Uapuminr* of hnua tudj (In Albti* olxiUn) ...... fl* ^^^M 

"'•."-. ■.■.■.•.■.■.■.•.■.•.•s: ■ 

ur ^^M 

»r ^H 

ri othiuufibodrOB UUmumliMtJtw) .... lU* 
Ill- 

ur 

iBip«sta» Bl hoi balh U0*-1M' 

upbonw Inaniniii^ FrieUoB mUlIui Ifalia IM* ^^^ 

10 uoiUjr dnak . . Uf-IM* ^^M 

1M--1U- ^^H 

. . KM* ^^1 

• , . , . i»r 

Bf 

tine tnnpenbii* of lb* sna n>'-Wa* 

tamoB tn . . lOCC" 

FT. RADUTION OF IIEAT AND ITS EFPECT& 
93. Heat paHlaf threagk Ba4lM.— Heat in moMuQ arotuid ns ia cim. 
I Manlly passing through some eubstanoo, or from one materia] body to 
another. But all sabstanc^B do not behave aliko toward it. They do 
Dot all receire, rotain, or port with it in the same way. Throngh oer. 
tain bodies it paaifc* n^idly in strright line^ like rays of light, and is 
then termed radiant heat, and this kind of heat-motion ia called radi- 
tUum, aod tbe enbitances which allow it to pass through them are said 
tu traiumil it We nsceive mdiiint heat from the ann and from arti- 
toal llrva; and the air ia one of those substances which permit il to 
a through. 

• FatifluUierlJil grtcmpenliitHk Ha ApiTDdU. A. 





BAI>UT10N AND ITS EFFECTS. I 

Im lk« Fortt »t Utat,-njs. — Wbea heat ndiatee from 

e eiiD, a stove, an open fire) or flame, it paases from 
direotiona Fig. S ; it spreads out or dinergt* ea it 
passes awa7 so u to become weaker and mnch 
1^8 intense. It decreases in power at a regular 
nnmericd rate, aa aeen in Fig. 4. It is commuDly 
said that the intensity of radiant heat decreases 
iDTersc!; as the square of the distance; tliat ta, 
if in standing before the fins Bt 8 distance of two 
feet from it, we receive a certain amount of 
heat, and Uien we step back to twice that dia- 
tauce, we shall recei're bat one fourth the qnan- 
tit; ; at thrice the distance, bnt one ninth ; and 
at fonr times the distance, bat one sixteenth the 
qttantitj, es is rhown in Fig. 4. But this st&te- 
iea we coodder the heat as passing irom a single 
When it flows from an infinite number of adjacent points, — that 
is, a rur/aet, which is the waj- 
it is pmcticolly emitted, it docs 
not decrease at so rapid a rate. 
24. DUbrentUndiDfHeit^ 
We all know that some snbatan- 
ccs will let light pass through 
them, and others will stop it. 
It is just eo with heat r but the 
same substances which transmit 
light, do not always transmit 
beat. Air allows both to paaa 
without obstruction; butwater, 
which so freely allows the pas- 
sage of light, has very little power to transmit heat. Rays of light, 
passing throngh water, are Btruned of nearly all their heat. But 
there eeems to be a difference iu the source and nature of the heat 
Itoelf, OS to its power of getting through varions bodies. Glass allows 
solar heat to go through it, bnt not ortiScial heat. A pone of glass 
held between the sim and one's face will not protect it from the 
heat; bnt it may be used as a fire-screen. If wo place a plate of 
i(lau and of rock-salt before a hot stove, the dark best, will pass 
freely throagh the salt, bnt not through the glass. The glass la, 
clierefore, opaqitt to heat (if wo may borrow the language of light), 
while salt is (mMparmf to it, and is hence called the gttut of beat 



IbuHii hat thornn UiAt if the ifjimaStf ttitxt, mfiwt bnt tnamd^ 

Ud Utfoogh *ir, U wywed by lOq the ^piMrtity 1i «MM i n« . l Ihron^ 
■ iBeqoil Udckneaaor « {date of km^-mU «ill betS; ffiU ^hBiCT; 
I vown glwi, U ; ilaiii, 19 ; wkter, 11. 

I &S. Httf vhMiMiMtffitlmckhUMrtaA^Tbea ft MbaUBM 
I doM not pttnnt all t&e isja of beat wUeh atrike ^n» it, to p«M 
I tlirODgfa, tboeo wlnob are deUteed, <r )ed^ vithin it, am arid to te 
I oiMwMbyit TbnsfiiMWindow-g^tniiaBitsaidjtfbeitTSTV'B 
I » bnndred, the ranaining fil bcitig «S*M4«i hj it. Kow tt b clear, 
ttiat If aH the h«at pass tkrvttfk a BobMUnee, none «m aooanmblA m 
I It to wana or bent it. It ia tba beat detained or lodged in a body iliat 
r mnns it. The Leating power is propoTtional to absorption. Tbe 
I abDogpbete \etB thu siui'a heat all pas — doea not absorb it ; it is thera- 
r fere not vanned bv it. 

I 39. CMUliaas of RadiaUaa.— The pover of a bod; to emit or Tsdiato 

heat, depends first, npon the qnantity which it containa. Otlier things 

' being the same, the higher ita temperature compared with tbe «ar- 

lounding medium, the more rapidlj will it throw off its hejU> Aa it 

ooola, the radiatioii becomes slower and dower. Bnt all sabtonoea at 

I tiie aame temperators. do not throw out their heat alike. The oondi* 

I tion of stiT&oee exerts a powerful control over re£atioo. Bongli, 

L nnevea aabew radiate freely, while pmootb, potidied nnfteca o&r a 

I Iwrrier to beat, which greatly hinden its eec«pe. UetaU, aa thdriar- 

V &oea are capable of the hl^eet polish, are tbe woret radiatora. Ao- 

I cording to UsLOin, snrftcM smoked or ooTend with lampbUok, m£ 

I ate moat heat. If tbe power of radiation of snch a sorfiwe be rqir»- 

[ Knted by 100, that of gla» will be 00 (it is therelbre an ezoeUent 

I n^tor), polished cast-iron, 85 ; polished wrought iron, S3 ; poSshed 

I tin, 14; brass,?; ^rer, 3. By tarniabing, or rusting metallio inrCwes:, 

I their radiating power is increased. Leuib haa ahown that, compared 

I vith a (moke-blacked mrface, as 100, elean bright lead Is 19, while if 

I ttmiabed, h is iS. If the actual rsdiatisgeorbceiametallio, it matters 

I Bttle what substance is nnder it. Glara covered with gold-leaC is re- 

' doced in iti radiating power to the condition of a polished metal. If Ihe 

bright, planlabed, metallio siurhce is in any way dulled or rongbeoed, 

■e by scraldiiiig or nuung, its power of throwing off beat is greatly 

increased. Indeed, if the polished sar&ce is only eottrtd, the same 

L effect is prodneed. Rtimfoed took two similar brass cylinders, eor< 

I arcd one with a tight inreetmont of linen, and left tbe other nalEed* 

[ be then filled eath with hot water, and foimd that the same aiuoimt of 
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heat which wqb thrown off by the covered cylinder in 36} i 
required 66 luianicH to radUta from the naked cylinder. 

27. Baw PoUOUg alteta SarflUM<— Dr. IAbdijeb says " the dimim 
tioD of radiating power, vbtch ordinarily accorapanies increased poliahi I 
of enriace, ia not a consequence of the polisli in iteeU^ bot of the w- J 
er«(ued dttuitj/ of tha miter fttrfaee, produced by the act of poliabingj;, 1 
and the effect of roagbening is to be ascribed to the removal of thai I 
outer and denser coating." . 

36. But node •fCotdoligudBclalnlBS HeaU— These principles show^l 
□s how best to enclose and relaiu lieat when we wish to prevent w 
from radiation. Gloss, porcelain, and stone ware surfaces, radiatw I 
freely : vessels of these materials are not the best to preeerva fooi 
and fluids hot at table. They should either be of polished metal, QC^fl 
have bright metallic covers, which will confine the Iieat. Bright t«ar-i,] 
nnis and ooffee-pots arc best to retain their contents liot ; and a laar .1 
kettle keeps hot water mnch more elfectuolly if clean and bright, tboai 1 
if covered with aoot, thongb it is much harder to boih Pipea intcnde^l 
to convey heat sboold be bright and smooth, while those designed ti>if 
radiate or expend it, should bo rough. For the same reason, polisbedj 
stoves and stovopipea ore less useful in warnung rooms than thoM< 
with rougher anrfacea. 

29. Calar af Sarbtes does not IiflncBM Eidtatloa. — It ia very generally 
supposed that the colttr of a substance inflaences the escape of heat 
jrom it. But the ex[ierimenta of Br. Bacqe have shown that this is 
a popular fallacy. Ee has proved that color exerts no control on Uie 
radiation of non-luminous beat, oraucb as is nnaccompauied with light. 
A body will emit heat from a white or black anrthoe with eqoal 

30. BeattbnwBvrrrmiMles.— Radiant heat sticking upon bodiai,. I 
if it is not permitted to pass instantly through them in atrnight line^* I 
leeitiiMaitorbedoirrffi/ieled, If reflected, it is instantoneonslythrowns J 
back from the surface of the body, and therefore does not enter to> 1 
warm it. If absorbed, it is graduoJIy taken into the snbstance, and; M 
raises its temperature. A bright metallic Burfoce will reflect the beaftl J 
rays and itself remun quite cold. As heat cannot get &ut through iJ 
bright Burfooe, so it cannot get i» through it. All the heat that IaJ 
thrown upon such abody.iseither reflected or absorbed; that which bfl 
not disposed of one way goes the other. If half of it is absorbed, ths^ 
other half will be reflected. Glass absorbs BO per cent nnd refieote 11^ . | 
while polished silver reflects 67 per coot, and absorbs bnC 8. A good I 
Absorbing sortiice ia a bad reflocticg surface, and a good refleotoi ia a J 
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JM dboorber. So a good rulifttiiig aiirfac« abfiorba well and reB««ta 
I7, while a bad radiating surface absorbs badly but reflects weU. 
denHt;, or polish of a earfac« controls the admittlon as well as 
Um aeape of radiant beat. Two kinds of beAt may thus pasa in etrsight 
Unes from a bodf — radiant beat and reflected beat. The former comes 
ftnm within, and therefore cools it ; the latter strikes against it, and 
wbounds wiUiont either warming or cooling it 

81. C4)lir at Sarfjwe IbIbcbmi the UmImIm •f Beat— We have seen' 
(BO) that color bas no inflnence over radiating sorfaces ; but tbe power 
which bodies possess of aiiarhing heat, depends very^ncb npon color. 

spread differently colored pieces of clotb Opon enow in tbe 
That of tbe blacli color sank Ctrthest below the surface ; 
^bich showed that it melted tbe most anow, and consequently received 
tBOSt bent. The blue piece sunk to a less depth, tbe brown still loss, 
and tbe white hardly at all, which showed that it absorbed least heat. 
Bence, by scattering soot over snow, its melting may be hastened : it 
will absorb more of the solar beat A dark-oolored soil warms easier 
Id spring, is earlier, and has & higher temperatnre during snomier, thim 
Mie in other respects similar bnt of a lighter color. Darkening a soil 
color, therefore, iseqniralent to removing it farther south. Urapes, 
(Bid other fruits, placed against a dark wall, will mature or ripen 
atflier tbsn if against tight-colored walls, because, for tbe same reason, 
ttwy are warmer. 80, also, in the matter of elothing, white throws 
I4ff tbe solar heat, while black absorbs it. 

82. Etebages af Beat-^t escipw tnm aO Satitantej.— It has been 
rtatoi] that, down to 200° below the freezing point of water, snbstoncea 
<""*■"'" heat and may part with it: and as we know of do means by 
Wiiiob beat can be absolutely enclosed or confined within bodies, oil 

regarded as nof onlypoueutn^ the power of radiation, bnt as uctii- 
' eceniting it. Rays of heat pass away in every direction, from all 
points of the sorftces of all bodies. When several objects of variona 
temperatures, some cold and some hot, are placed near each other, 
ttoir temperatures gradoally approaoh llio same degree, and after a 
time they will be ftinnd to have reached it. Now all these bodies are 
■npposod to bo oonslantly radioting heat to each other, and henoe oira- 
stwitly eivAanging it. If wo place a cannon-ball St a temperature of 
1000° or & red beat, bende another at 100°, it will part with its heat 
npidly to the latter, as illuslratud by tbe radiant hoes in Fig. 5. Bnt 
the ball at 100° also radiates its heat, althongh more a. jwly, and thus 
retnrns a portion to tbe hotter ball ; so that there is an exchange estah- 
Uibcd. But if a ball of ice at 82'' be [ilaccd hendo the cannon-ball at 
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teodbg U) cqnalizatioAi, I 

88. fitarlgU Slghls caUtr thu denlr Ones.— The Tuioos objeoW> | 
npon the earth's sniface, are not only coBtinually rodiatiog their li 
to each other, hat also npward throogb the air into space. If thert^ | 
be cIondH ubori!, the; throw it hack ngaiu to the earth'a fmrfaoo ; bd 
if the eky !a cloadlesB, the heat Btreama away Into space, and there i 
noDo rotnmed. At night, tberefore, when thore ia no heat cominf | 
down from the erm, and no clonda to preyent ita escape from the earth, 
tbe temperature of the earth's enrfiice and the ohjecla thereon, fallK 
Those which radiate best, cool fastest, and sink to the lowest tempers- J 
turo. Clear, starlight nights are thns colder than clondy nights; a 
although more pleasant and inviting for evening walks, require tj 
more clothing should be worn. 

34. H«« Dew Is Prvdaced.— Tbe canse of dew was sot nnderstood 
until lately. Man; were persnoded that it came out of the earth; 
while others ihongbt it foil as a flhe rain ft'om tbe elevated n^ona of 
the atmosphere. The alchemists regarded it as an oxndation (h>m tha 
slars. They bdieved dew-water contained celestial principles, and 
tried to obtiin gold from it. Tbe problem waa solved aboat forty' I 
jrears ago, by Dr. Wklls, who first considered it in connection wiA' 
the radiation of heat. The air contains moisture in the state of ii)rl»>. | 
ible vapor ; if its tomperotnre be high, it will hold more moisture, If 1 
lowJesB (386). When, tberefore, the air is soffioiently cooled, il 
Is condensed, and appears as drops of water. These ore often a 
summer dayii upon the onleide of the pitcher of cold water ; imgirop ' I 
erly called the tiotating e/ the piteher. Tbe moisture that i; 
trickling down the window-pone in winter, is condensed (rom t 
Tttpor of tbe air in the room, by tlic ontward escape of heat from tWI 
glaB\ and the consequent cooling of the air in contact with it InsiSst f 
When, therefore, by mgbtly radiation, any objects upon the earthll 1 
oontaul with t^cfl^-J 
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■DfiBdeotly to cocileiise ite moisture, dta is formed, and the degree of 
tempcratnro at wbloU this effect takes place, is known ea the dew-poinU 

86. CaDiltlouaftbeDepcdtriDew.— Every calm and dear night 
the Burbce of the gronad cools by radiation from 10° to 20°. But 
this Borfoce Is composed of varions objects, vbich radiate oneqiuUf. 
Some part with thdr heat w Rfndlj as to cool the air down to the 
point of ooodenutioD, uid dew is deposited npon them. Others ra- 
diiilfl BO slowly that their teniporatnres do not sink to the dew point, 
and DO dew it formed apoD them. Good radiators become covered 
with dew, while bad radiators remain dry. Grost^ for example, is aa 
eioellent radiator, nod it receives dew copiously, while nnder the same 
drcnmstanoee, stones, being bad radiators, are not moistened. Dew 
la deposited from a atratom of air only a few inohoa thick, which is 
condensed by oantaet with the cold body. If, however, that stratom 
of air u mosed aviay before It gela sofBcicDtly cooled, no dew will be 

mei Oecce, when the air to in motion, oa on windy nighta, there 

]o dew. Fall of temperature always precedes the formation of dew, 

■od tho greater the &11, the heavier the dews; the quantity of moiet- 

a the atmosphere, in both cases bdog the same. Farmers very 

L well know that nigbts with heavy dews are very cold ; bat the cold 

I It ttie mnuA, not the tffeet. of the dew. The rooigter the dr is, with 

■:ttte BWDO descent of temperature, the more dew falls. Thus, arid 

eaerts ore dewless, not withstanding the intense nightly radiation. 

80. ExckugM«f BMlKiypreteatDcw. — We have noticed Pbkvost'i 

\ theory of tho esdianges of heat, by wliich, all bodies are assumed to 

I Skdiate heat to each other constantly (33). This ciptaiua wliy litlT* 

o dew to fbond nnder trees. While the grau radiates upward, the 

foliage rodtotos downward, and tbns checks cooling. For tlito reason, 

ao dew is predpitated on dondy nights. As objects radiate apward, 

ttie duuds radial* back again, and prevent the falling of the lempera- 

Hore dew falls upon the snmmits of moantains, where olyeola 

are most a\via lo the sky, than in valleys, wliere the angle of radiatioD 

or access to the open heavens ia mnch leas. Otiieola protected in any 

iray from exposure to the fkj, are, to tfaot extent, gunrded fVom dew. 

87. TTMCaastdlilkcfaae way H Dew. — As s certain amoant of 
cooling, deposlta mototnre from the dr, moro*btill, freeze* it; and 
hence, /rout or (roien daw. This extreme cooling is often hurtful to 

bV«getJition, and during the serene nighta of spring, tender plants ve 

t killed, aa to freqnently the cose with immature fruits and grain 

\td autumn. Here, .igaln, all drcumstancm whiuh oppow radiation, 

rareol the ooolia^ Vegetablea, ahdterod by trees, soAr leas than 
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those not so proteoted. A thin eovering of cloth or straw, pre«er7«ft. 1 
plantfi, ae maj also fires that fill the air with smoke. 
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T. CONDUCTION OF HEAT AND ITS EFFECTS. 

58. HealerMptslAwlf tbroaghBoiieB«dl«.~-Tf we place one end of 

a har of metal in a fire, that end hecomea hotter than the other parte I 
of th« bar. Bat this effect is onlj temporary ; the heat will gradaallf' J 
pass tbrongh it, being commniucated from particle to particle, until I 
tho other extremity becomw 
heated. This is cosily showK 
by taking several marbles, and 
sticking them to 
copper wire with wai Tig. 
C. If now heat is applied 
to one end of the wire, it 
gradually trat-els along, tho 
wax is melted, and the morblea drop off successively. The heat in 
this case is emiduclrd by the muLal. 

59. DUTcreiit SnkstMKS CMdntt at 41K>»nt Rates. — Heat diffuses !d 
this manner, at very unequal speed through different anbstanoes. If 
we hold one end of a uiul in a caodle Same, it soon gets so hot as tO' 
bum the fingers ; while we can fuse the end of a glass rod in a lami^ 
although holding it within an inch of tho melting extremity. Inn 
thus conducts heat much better than glass. Those Bubstances tlirongh 
which lieat is diffused most rapidly, are called good oonductors, while 
those through which it passes sloivly, are bad conductors. In general, 
the denser a body is, — that is, the closer are its particles, — the better 
does it conduct heat; while the more porous, soft, loose and spongy 
it ia, tlie lower ia its oonducting power. The metaJa, therefore, are the 
best conductors, while tH>dlos of a fibrous nature, such as hair, wool, 
feathers, and down, are the worst oondactors of heat. 

40. ■■■ford's SfaJe mi Condicton.-— Rdifobd arranged bodies 
the following order, their condncting power progressively diminishing 
OS tho list proceeds. Gold, silver, copper, iron, zinc, tin, load, glsMf 
marble, porcelain, clay, woods, fat or oil, snow, air, silk, wood-t 
charcoal, lint, cotton, lampblack, wool, raw silk, fur, 

41. CMdncOic Fawer af BalldlBK SatwUlb — Bad conductors,- 
MfuItictOT-f, as thej are called,— afford tho best barriers to heat, and 
they are employed when it is desired to conflne it. In winter, natui» 
protects th« earth and crops fnta excessive cold, by a layer of noo- 
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oondncUng snow, Tlie birds, she protects by feotherj and downy plo- 
qnndnipeJs, by hair, wool, for ;— and eren Ihe trees, by poroas, 
DOQ-condDctisg bark. Xn the maiiagcinent of heat, man finds tbe 
voriation in the conducting powers of bodies, of tbe highest inipurt- 
auce. In building honaes, the worst conductors are the beet materials 
for the walls. While they promote warmth in winter, by retaining 
the heat generated by fires within, tlicy are favorable to coolness in 
■nmmer, by excluding the external heat. Hutohinsoh examined 
■ome buiidiog materials, and ascertained their conducting jKiwers 
to be 08 follows, omitting fractions. (Slate being taken as 100.) 
Varble TG to S8, fire brick 62, stock brick 60, oak wood 3'^ 
hth and plaster 26, plaster of Fans 20, plaster and umd 18. Tho 
3urd woods conduct better than eott, and green woods better than 
dry. Dry straw, loaves, ic., are good uon-^wnduotors, and are used 
to cover tender plants in winter, bat "if wetted, they convey heat 
much better. 

43. Ni>-fMiactlttg pnpcrtlea of Ur. — Air is one of tbe most perfect 
Bon-oonductors* Ruvfobd thinks it is the best of alL The conduct- 
ing power of air, however, is greatly increased by moisture. If we 
represent the power of common dry air to conduct heat, by SO, ita 
power, when loaded with moisture, rises to 280, — it is nearly trebled. 
For this reason, damp air feels colder to the body — it conducts away ita 
beat faster. Those substances which enclose and contain tur, as pow- 
dered charcoal, tan-bark, sawdust, chaff, ite., are good non-condnctors 
of beat. Sawdust is an excellent bar to heat ; it should not be too 
niaoh pressed together, as then, the particles, being in too close con- 
tact, conduct better : — nor too loose, as the air circulates through it, 
Kid thoB eonveyt the heat. A layer of (ur between double windows, 
cliecka the escape of heat, but we do not, in snob a case, avail our* 
Mlvea of its perfect non-conducting power, otherwise we might use 
enclose ice-houses, Jic. It is easily set in motion (07), and thus 
becomes a ready transporter of heat. Loose, porous bodies ore filled 
with it, and they act as non-conductors by preventing its motion. 

48, Mil (wtettMt PropMttM ft CMIUig. — Winter apparel is made 
ef non-«ondncting woollen fabrics, which prevent the escape [>f heat 
from the body. Ootton carries off tbe heat faster than wool ; a:iij 
Rncn still faster than ootton. linen is pleosanteet in summer to re* 
hevo the body of heat, but it cannot defend the system like flannel 
against tbe sudden changes of iempvratnre in an inconetant climate. 
In local inflammation of the body, linen is the best for dressings and 
qtpIioBitioiu, as it is u betttir oondnotor, and therefore cooler than cot- 
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ton.* Tije high Don-conducting [)ower of the woollens, is ahon 
by the common practice of preserving ioo in hot weather, by simidj 
vrspping it in flanael. 

44. Onr Senntlni «f Heat dcpwd bp«d Csndattlsn. — The ienee cf 
touch is an nnreliable gnide to the degree of boat, because Eubstaucea 
are so diverse in ooodtictiiig power. The badly conducting carpet 
feelB wanner to the naked feet than the better coodncting oilclotit, 
becauao the latter will carry away the heat faster irom the akin, at- 
thoQgh both ore at oiacUy the same temperatare. Tbia inflaonco of 
conduction over sensation, ta also tbe remarkable difference of cud- 
docting power among solids, liqnids, and gases, may be shown in ■ 
forcible manner. If the hand tw placed npoa metal at 130° ii will ba 
burned, owing to tbe rapidity with wbicli the beat enters the Seali. 
Water will not acald, provided tbe hand be kept in it without motion, 
till it reaches tbe temperature of 150°; n'hile tbe contact of air at 
2S0° or 800° may he endured. Bir Joseph BiiKKS went into a room, 
heated t-> 260°, and remained there n tonHiderablo time without inoon- 
Tenieaco. The particles of wr are so fur asunder, that the beat crosses 
their inter-spaccB with difficulty ; and as but few of them can coma 
in contact with Ibe body at once, the amount of heat that they c«a 
impart is coniparativuly small. 

Tl. IlEAT CONVEYED BY UOVINQ MATTER. 

45. II It carried bj Partide s in Kotlon. — The freedom with which fh« 
particles of liquids and g&^esmove among each other, is another sonroo 
of the tnotion of beat. Water conducts best but very imperfectly, ' 
If a gloM tnbe filled with wat«r, ba inclined over a lamp, so that tbf 

Some is applied at the upper end Fig. 7, tb« 
tor will boil at the top of the coIqiuq, bnl I 
' below tbe point where the flame is applied, 
the temperature of the water will be but lit- 
tle elevated in a long time. The eotid'oetioit 
of heat is not influenced by the potition of thd ' 
body along which it pawwe. It moves through 
a conductor as swiftly downward as upward, j 
jr horizontally. Had the hcnt, in this cos 
ib«iic'itd«iiB<r(rd>. been wnducUd, it wonld bare travelled t 
readilj down the water column as upward. Tet all understand thai J 
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B large amount of wnter may be bcated bj a small fire, if Ibe beat 
be applied Bt the bottom. The cause of this is, that the lower Infer 
of watur in the vessel, being warmed, cipands, becomes lighter, and 
for tbe same reason Ihnt a cork woold rise, iisc«ndB through the mass 
of liquid abovD. Its place is tahen bj the colder liquid, which in 
tnrn worms, expands and ascends; and Ihns mirrtntt are formed, by 
which the heat is eonTeyed upward, and diffosed through thp masa. 
This mode of heat movement is hence called eonveclum of heat. 

4S. B«« the Walci^^unmti ■if be ilimi — The cironlation thus pro- 
dnced by Bsoending and descending cnrrent^, maj' be bcantiiblljr seen 
hy nearly filling a pretty lar^ glass flask with water, and dropping 
into it a few small pieces of solid litmna (a cheap, blue coloring tufr- 
itanee), which dnk tbrongh the liquid. On applying heat to the buW 
torn of the vessel by a email lamp, a central current of water, mads 
visible by the blae tint it has acqtiired from the Utmns, h seen rituog 
to llie sarface of the liquid, when it bends p,^ ^ 

over in every direction like tho branchee of 
the palm tree, and forms a Duml>er of descending 
cnrrenta, which travel downward near tho 
sides of the vessel Fig. 8. Two c> 
operate here to distribute the lieat. 
warm liquid constantly conveys it away, and / 
at thasame time, tho c«ldur particles a 
tinunlly brought back to the source of beat, ^ 
St the bottom. Exactly ttie same thing takes 
place when ^r is heated; it expands, becomes 
lighter, riiws in currents, and carries with it 
the hent. We shall refer to this principle 
•gwn, when speaking of tho contrivances for 
warming rooms. 
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TIL VARIOUS PROPERTISS AND EFFECTS OF HEAT. 
17. HmI tM»d U SoUda, Il^uaH tkob—Not only is the titt 
bodies influenced by heat, but also their ttaU, or form. As beat enter« 
S solid body, its partioles arc forced sanndor, until ut length they ioM . 
tlieir cohesive hold of eaoti other, and fall down into the liquid state 
TIjc particles have become loosened and detached, and glide freely 
among eiic.li other in all directions. Carbon and pure alumina ara 
the wnly Bubstances that have not boon liquefied by any amount of 
fciUjet^vIied. Some solids, U B given point of temperatore, enter 
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eoddenly into the liqnid state, aod othen paaa gradoallr tlirongli aa . 
iatennedist« stage of pastioess or softening. 

48. ltU\aas Points.— Til at degree of temperature which is required 
to melt a snliBtajice, is called its melting or fusing point. The com- 
mun temperature of the ale is sufficient to melt some subataiice^ 
From this point all along np to the highest heat, at which CArbon r^ - 
fosM to llijuefy, various enbataaees melt at different tcmporatnrM^ 
showing that each reqaires its particular doae of best to throw it 
the liqnid state. Tbns, mercor; is a liqnid at common temperatnrea^ < 
and is the onlf metnl that exhibits this pecoliarity. Fhoaphoms m 
at 108°, wai 142", sulphur 236°, sugar cane 830°, tin 442°, lead 8 
siino 7T8% silver 18T3°, gold 3016", iron 2800*. liquidity seems thm ■ | 
to he produced bj the combination of solids with heat. Talio th« [ 
hMt from a liquid and it solidifies. Take away the heat from nat^ ^ 
until it fkUs to 83°, and it becomes solid water, or tee. If kept pei^ i 
fectly stil), it may be lowered below 33° before the atoms lock to- ' 
gether into the crystallico or congealed state ; but if the water !j .' 
jarred or agitated, eryBtalline iue results at that temperature. Ueat A 

o 89° below zero, causes it to harden 
>" of heat taken from aloo- 
t thick and oily. As heat combined 
o heat combined with liquids produce* 
:e generates water — added to water 
generates steam. The heat which conTerts solids into liquids, is called 
caloric at Jiuidity, and as gases are known as elattic fluids, the heat • 
which changes liquids to gases is culled calorie <tf tla»tie\ty. -A 

49. Wbat li ■cait ky Spedle Beat— If wo take eqW weights of ^ 
different substances, and expose tlieni to the same sources of heat, 
they do not all receive it with equal readiness \ in the same length 
of time some will be mnch more wormed than others. If a lamp 
flarao of a given size will raise the temperature of a pound of spirits 
of turpentine SO" in ten minutai, it will take taojlamet of tiie same 
aixe to raise a pound of wal«r through the same temperature in the 
same time, or it will take the same flame twenty minutee, or twice oa 
long. It is clear that tlie water in this case, in being raised through 
the same temperature, has received twice as mnch heat na the spirits ■ 
of turpentine. If a Same of a certain size will heat a pound of mercury 
through a cert^i number of degrees in a certiun time, it will take Bfl 
Samoa of the same beating power, to raise a pound of water throng ' 
the same range of temperature in the some period ; to raise it throu^ 
Um uma number of degrees, therefore, water requires tturty tlmes-t 
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Um h<Mt Iliat mercorr does. Tkia would seem to ebow tbat difieraot 
bodivB have difl'crent capabititiea of holding or coDtalning hest, or, as 
it ia nsnall/ said, they Iia^e different capaeiliet for heat : and, as cocli 
Bubetanoe seems to take a peonliar or particnlar qnimtitj for itself, 
that qoontity ia s^d to be its '»pteific^ heat. JTbe specific heat of 
water is greater than that of an; other aabrtance. Id osoending from 
ft giren loner to a higher point, it takes into iteelf or swallows up 

re beat than anjr other body ; and in cooling down through tliat 
temperature, as it contains mure to impart, so it gives out more heat 
Iban on; other bodj. If the specific heat of water Is represented by 
low, that of on eqnal weight of charcoal is 241, snlphor 203, glass 
166, iron 113.79, Einc 95.S5, copper OS.tS, mercar; S3.32. 

50. Wij Watar wu auidc t* hald a la^e aatut ef Bcat^-When we 
oonatder the extent to which water ia distributed upon tha earth, we 
see the wisdom of the arrongeuient bj which it is mode to hold a 
large atnonnt of heat, and the necessity that it should slowly rcceire, 
and tonUly surrender what it posseaees. Suppose that the water of 
oneans, lakes, rivers, and that large proportion of it contained in onr , 
own bodies, responded to changes of temperatore, lost and acquired 
its heat.afl promptly aa meronry; the thermal variations would be 
inconceivably more rapid than now, the slightest diangcs of wcatlier 
would send their fatal nndolations throngh all living sfslenu, and the 
inconstant seas wonid freeie and thaw with the greatest facility. But 
now the large amount of best accumulated in bodice of water during 
Bnminer is given out at a slow and measured rat«, the climate ta 
moderated, and the transitinos from hettt to oold ore gradual and 
regulated. 

61. Vbi Water b w CMUag when druk.— It is because water la 
capable of receiving so much heat, that it is better adapted tlian any 
other substance to quench tliirst. A small quantity of it will go 
much further iu absorbing the fev^rieli heat of the mouth, and throat, 
tlian an equal amount of any other liquid. When swallowed i 
taken into the stomach, or when poured over the inflamed skin, it ia • 
the most gratefn] and cooling of all substances. For the same re 
B bottle of hot water will keep the feet warm ranch longer than a hot 
atone or block. 

52. CMMaled n Meat Beat. — All changes in the dauitia of bodiw J 
by which their particles are forced into closer union, or to greater ' 
distances apart, are invariably ncooroponied by changes of heat. 
Colurio is supposed to be ooDtained iu bodiee, sometliing aa water ia 
bdd in a spiAtge — lodged in its cavities or porei. If a wet sponge it 
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oompressed, water ia squeezed out; bat, when it expauds again, 
will again imbibe the liquid. In like manner maleriol sabstanoe^ 
wliea condensed into leas space, give ont beat, and, when dilated, 
they take it in or absorb !L If a piece of cold iron is smarlJj ham- 
mered Qpon au anvil, its particles ore forced closer together, aad its 
heftt is driven out of ita concoalniont, the iron becomes hot. Bj 
Buddenlj condensing the air as in the iDstnunent called the fire-s7ringayr| 
„ . to which aclose fitting pleton is driven down a tnbe (Figfl 
S), the condensed air ^ves ont bo mnch heat aa to 
to tinder. How, before condensing the iron, or the air, W, 
tbeae ca«cs, they appeared cold, the thermonieter dM 
tected in them do heat; yet tbey contained heat, 
coodensatjon brought it ont. As we cannot find it bjl 
the ordioary teat, we infer that it was concealed 
in tlie iron and air. Heat is oupabte, therefore, of 
coining lost or hidden in bodies, and then of 
re-appearing nnder proper circnmstancoa. We call thili 
latent heat, because we raiut coli it Bometliing, and tbtt> 
~—' term ia convenient ; bnt we are probably very far from t, 

' true explanation of the fiicts in the case. 
I. Baw Huk CMesiled Heat Water lisMe. — Whenever a solid is 
I to a ii^nid, a ccrtmn amonnt of heat disappears — goes into 
the latent state. If wo take a lump of ice at zero, fix a thermometer 
in it, and expose it to a sonroe of heat, the meroury in the themuK 
meter will be seen to gradually rise up to S3 degrees. It then becoi 
Btationary, although the application of heat ia continued. But 
ctiange now seta in — the ice logins to molt While thb co 
the thermometer does not rise, and the water at the end of the meitjng 
is at exactly the same temperature tliat the ice was at its commeno^ 
menL As bood, however, as the ice is all melted, tlie mercary begin, 
again to ascend, and the water becomes warm. How, all the heat: 
which entered the ice to liquefy it while the mercnry was etandiag. 
elill, went into retirement in the water which was [M'odQced — becanw 
latent. It is very easy to find oat how much heat becomes thna 
hidden when ice changes to water. If we take an ounce of ice tt 
S2°, and an ounce of water at 174°, and add them together, the lOf. 
will melt and wo shall have two unnoes of water at 82°. The onnoa 
of hot water, therefore, parted with 143° of its heat, whieh has disa^ 
peared in melting the ioe. 1^° is thus the Utent heat of fosina of 
toe, which is hidden iu the resulting water. The quantity of latent 
t mt abacfbad bj difibreat loUds in eut«riiig npon the liquid conditiaa> I 
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fa varinlilB, bnt a eertdn smoant disappears in all oases. TboB, if ■ 
19 of lea<] be heated to 5B4'', it will then become stationiLr;, Blthougb 

I the odditiun of heat is continoed; bat tlie uoment the temperature 
^^ea to rise, It will begin to ftue, and tlio tcmporatnra will continue 

[ Bteadilj at 504° until the last particle of lead hoa been melted, when 

I ft will again begin to rise. Th<Me who have attempted to prooore but 
wnter from snow for culinary parposes, know b; tbe delay of the 

I rwult the great lo«a of heat whtoh ii involved. The heat neoessar? 
imply to melt 100 pounds of ico, without raiMng lis temperataTe a 
tingle degree, would be onfflcient to raise more tlian 80 pounds of ice- 
eold water np to boiling. 

H. BMeldal SArta ef tUi Uir.— Thia law of the latent heat of 

I liquidity, operates admirably to preserve th^Jbrmt of material ol^ects 

{ igainat the eflepta of flDotnatiug temperatDres. The sCnbility of bodies 
oa important a circumstance, and tboir liqnofiuj'tion too consider- 

. able an event, to be made dependent upon traiisiout caoses. If^ when 
loe ia at 82°, liie addition of one degree of heat would nuse it to 8S°, 
and tbos throw it Into tbe liquid form, nil the oucnmnlatcd snows of 

I winter might be tamed almost in an hour into Roods of wnt«r, by 
irhich whole coantries would be innndated, Bnt bo large a quantity 
of heat is required to produce this change, that tinu must become an 

I (dement of the process ; the snows are melted gradually in spsng, and 
bU evil conseqneuo«8 prevented. 

66. Priatlple ef IrtlMal FiMiIif.— A solid may be changed to & 
liquid without the direct addition of heat. Attraction or affinity moy 
produce the cbnoge. Yet the some amount of heat is required to go 
into the latent state. Salts have a strong attraction for water. If we 
put some cemnion salt or saltpetre Into water at the uommon tempor- 
MiiT«, it will become colder. The salt in diaiolving, tlmt is, in aesnm- 
ing the liquid stato, mnat have heat; it therefbre takes it from tlie 
surroonding water, which, of coarse, heoonies colder. A niiitore of 
five parts sal-ammoniac and five of saltpetre, finely powdered, and put 
in uinotoeo parts of water, will sink its tempemture fVom 50° to 10" ; 
that is, 40 degrees. When snow is mixed with a third of Its weight of 
salt, it la quickly melted. Tbe powerfhl attraction of the salt forces 
the snow into a liqald state; but it cannot take on this state without 
robbing sarrounding bodiea of the heat necessary to its Quidlty. Ices 
for the table are mode la soinmer by mixing together pounded lee and 
salt, and immersing the cream or other Itqoid to be frozen (contuned 
in a thin roetallio vessel,) into the cold brine, produoed by the melting 
of the iM and salt. A convenient method of fMoziDg t little wMcr 
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without the use of ioe, is to drench powdered sulphate of Bodft ^laubei^- I 
Bait) with moriatio acid. The salt dissolves to a greater e: 
acid than in water, nod the temjicrature ma; sink from 50° to zeroi ' J 
which the mixture is mode, becomes covered with frostf' I 
and water in a tnbe, immersed in it, hecomes speodilj frozen. 

66. FrMdng IlkentM Hut. — If the change of a solid to a liqnid ab- i 
torb* heat, the ohaoge of that liqaid hack again to the solid state, mast' I 
liber&t« it. If iLe liquefj'itig process swallows np heat, the solidifying T 
proeeos mnst prodaca the contrary effect — set it free again. As tbt I 
thawing of snow and ice in spring, is delayed bj the largo amounlof^B 
heat that mnst ho stored away in the forming water, so the freezing 'I 
processes of autumn are delayed, and the warm season prolonged, bf ^ 
the large quantities of heat that escape into the air by the changing sX- n 
water to ice. The same principle ia made avulahle to prevent the 
freezing of vegetable^ fruits, dco., in oeUarsdnring intense cold weather, 
of water are introdnoed, which, in freezing, give oat 
sofficient heat to raise the temperature of the room several degrees. 
Preexing is thus mode a means of warming. . 

ST. EripotatlM af Water.— Water, at the sarfaoe, is constantly ] 
invisible vapor, and rising into the air, which is coiled ' 
enaporation. It goes on. at all teroperatorea, no matter how cold tho 
is: indeed, evaporation constontty takes place fi'am the snrlaoo 
of ice and snow. The loo npon the window often passes off as vapor, 
without taking on the iutermodinte form of water. Still, the rat« of 
evaporation increases as the temperature rises, s 
faster from the snrfaee of waters in temperate, than 
and more rapidly still at the equator. Evaporatioi 
ceeds more rapidly when the weather is dry, and ii 
ia damp. It is also hastened by a current. Water will evaporate 
much qnicker when the wind blows, than when the atmosphere is 
still, bocanse:, as fast as tho air hocomes loaded with moislnro, i 
moved and drier air tokos ita place. Gitont of anrface also facilitates' 
evaporation. The some quantity of wat«T will disappear much quicker'*] 
in shallow pans, than in deep vessels. 

G8. What ouirs Im BaDlBg.— When water is grodnaUy heated in 
vessel, minute bubbles may be seen slowly to rise through it. Tliesft'ij 
consist of air, which is diffosed through all natural waters, to ths ex*'*] 
t«Dt of about four per cent,, and which ia partially eipelled by heating.^ 
Ab the temperature increases, larger bnbblos are formed at the bottom'* ■ 
of the vessel, which rise a little way, and are then crushed in and di»-^ 
appear, These bubbles consist of valorized wat«r, or steam, which ]l 
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formed !□ the hottest part of the vessel ; bat aa the; rise iJiroiigh tha 
colder water abuve, are cooled and cocdoused. The Bimmeruig or singing 
■jound of vesseb upon the fire just before boiluig, is supposed t« be caoBed 
by ribratorj movements produced in the liqnid b; the fonustion nnd 
collapse of tlieae vapor babbles. As tbe beatiag oontiiiaos, these eteam 
globoles rise higher and higher, nntU they roach the sorfaoe anil escape 
into the dr. This causes that agitation of the liquid which is called 
boiling or ebuUilioa. 

69. laluiN tf Um t<sw1 Ib BoUlng* — Different liqnida boil at differ- 
ent temperatures : bnt the boiling point of each liqaid varies with 
circamatancea. The natare of the vessel has something to do with it, 
which depends upon its attraction for the water. To glass, and pal' 
iuhed metallic surfaces, it adheres with greater force than to vessels of 
rough surfaces. Before the water can be changed to vapor in boiling, 
tlila wlbusioD most first bo overcome. Water npon the eorlace uf oil, 
boils two degrees below water in a glass vessel, in consequence of the 
oU having no attraction for the water, 

60. Measiring tbe Prusare sf the llr. — Air baa weight like visible 
ponderable matter, and presses down opon the snriace of water the 
some as upon the ground. The pressure of the air is measured bj n 
burotnel^r, which is simply a glass tube about 
a yard long, closed at one end, filled with vu«>i, 
mercury, and then inverted with its open ''1^°^°° 
end in a vessel of mercury, as shown in jj,„^^ 
Fig. 10. Tbe liquid metal in the tobe, is thns 
balanced against the tdr outside, and falls to | 

a point upon the scale, which esactly indi- ^ 

cates the prcsanre of the air. A column of f ; 

atmoephere from the ground to its upper |^4 

limit, is about ns heavy as a column of nicr- ■ % 

cury 80 inches high. We represent in the ^ = 

figure, but adngle column of bXt pressing g 

down a(>on tlie mercury; but we must re- t 

momlier that ila suri^ce is completely cov- 
ered by suob columns of air. Of oourao, the BuwDeim lubo. 
empty space or vacuum in the upper part of the tube permits tlio nicr- 
curj to rise and foil without dlstnrbancc. From various causes the 
weight of the atmosphere variea ; wh«n it ia heavier, it presses harder 
ujion the mercnry, and drivea it up ; when it is lighter, the mermtry 
&dlB. The ordinary fluctuations of atmuajiherio preasnre, cause the 
. nercory to play olung a scale of some two inches. As there ia only a 
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oertdn qntnlitj of air to press down upon the earth, in go.Dg up a>j 
monntun we leave much of it below ns: of course, what rcmidiifl' 
above, is liglitcr, and preasee with lesa weight. Uence, in ascendiiig 
a mountain, the mercurj is the hiLTometer Biokit iti proportion as we 
riae liigher, 

01. UlBCBH sf ilr-pTunre apen BtHtag.— It is reported by trnvel- 
lors that, npon high moantains, meat ctumotbe oooked bj the commoa 
method of boiling. The reason is, that the boiling water ia not hot 
enough ; oiid the reason of that ia that the proiisnro of the air being 
psrtiall;' t^ken off, the water finds less reeietaoce to rising into vapor, 
and a lower degree of heat produces the effect. The boiling point 
thus flactuatea with the baronii'tric oolnmn : the nataral variatioua of 
atmospherio preesnre, at tlie same level, make a difference of 4} dft* ^^ 

tgrees in the boiling point of water. ^^H 

CS. EMplejHMt of tbe Prtnctple In Beinlns Sigu.— It is often oseMJ^^I 
to boil off liquids at low temperatures. In order t« change ooarBtf^^H 
brown sugar into refined, white sugar, it has to be dissolved hnd 
purified. It ia then reprodneed b; evaporatbg awu; the water. But 
the heat of the common boiling point is too great. So the refiner 
pumps out the air from above the boiling )ians, by means of a steani^ ^^ 
engine. The pressure is taken oS, and the water boUs away at a lov ^^M 
temperature, leaving the sugar orystols perfect. 4^^| 

63. BnttJoB af Ue BoUlii; Paint— If the weif;ht of air pressii^^^| 
npon a liquid affeeta its bdling point, for Qie same reason the woigbt ^^ 
of the liquid itte^, mnst affect it. When salta are dissolved in water, 
tJiej render it heavier, and ita boiling point is always raised. Some 
salts, however, ruse it more than others. Water saturated with com- 
mon salt (100 aater to 30 soZf), boils at 224° ; saturated with nitrate ^^ 
of potash ( 100 ttater to 74 mlt), it boils at 238° ; with chloride ot> fl| 
calcinut, at 264°. Ether boils at 96° (blood heal); alcohol, at \7Vp^^^ 
turpentine, at 316° ; mercury, at 662°. The viscidity of a liquid, op ' ' 
the glutinous coherence of its particles ia opposed to Its free ebullition. 

64. SpkenUUlstateof Water.— Water in contact with highly heated 
metallic aor&ceB does not boil or vaporize. All may have notioetl it 
dancing or darting ahont in globulee n[>an a hot stove. The reason 
offered why a globule doee not evaporate Irom a red-hot aurfoco ia, 
that a stratum of steam is formed under it, which props it up, so that 
it is not roallf in contact with the iron ; and steam being a noncon- 
ductor, cuts off also the heat. Water enters upon tlie spheroidal state 
between 2SB° and 340° of the hot surface ; but when the temper- 
ature fUla, the steam no longer Boataiiu the drop ; it is brought ioto 
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imtaot with tbe iron, and Li at onco exploded ioto vapor. Tliis priii- 
tffple U m&de available in the laundr; in judging of the degree of heat. 
ITbe tatnperatare of the amoothing-iroD is determined bj iu effects, 
upon a drop of saliva let fall npon it. If the drop adheres, 'n 
Iron, and is rapidlj vaporized, tbe temperature is considered low; 
but if it mn along the surface of tbe metal, it is regarded 09 sof- 
ficiectly hot. 

65. Bit Utile But nqmlred i» ■alaUln BolllBg.— If a liqnid be con- 
flDod in a Bafficientl; strong vessel, so that- its vapor cannot escape, it 
nay be heated to aof desired point of temperatore ; thoagh at high 
lieats, vapors acquire soch an espantive and explosive energj' as to 
'tnirst veeeels of tbe greatest strength. Bat if tbe liqaid l>e exposed to 
tbe air, it ia iropowiible to raise its temperature above its natural boil- 
ing point All the beat that ia added after boiling commences, ia car- 
liod away by the vapor. The rapidity with which water is raised to 
the boiling point, depends npon the amount of heat which is made to 
anler it. Bat when this point is reached, a oomporativelj small quan- 
tity of heat will raainttunit therejQst OS wellasmore. Water boiling 
violently, ia not o particle hotter than that which boils moderately. 
"When water is broaght to the boiling point, the fire may bo ai 
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reduced. Attention to tbic fact would 
■operations. 

60. DtsWe Veaels t« Bfg^l* Heat— If w( 
^aced directly over the fire, would receive 
'keat., bnt which we desire to r^se onJy to S 
«ert^n temperatore, we place it in a vessel 
■tirronndcd by another vessel ; the outer one 
being filled with a tiqnid which boils at tlie 
Ikiired temperatore. Qeoekb'b farina ket- 
<tle, Fig. 11, is a onlinsry contrivance of 
Hob kind. Tbe outer vessel is filled with 
Jraler, while the inner one contains the 
'Material to be oooked, which, of oourse, can- 
"Vtot be heated higher than tbe boiling point, 
ud is therefore protected from burning. By 
n^Dg any of the salt solutions mentioned 
(63), higher beats mjty be conuniinicated to 
the inlernal vesaeL 

67. >lhyPaddUi:a,Ples,fc«.,ctoisiawlT.— 
We have seen that wat«r is a ba<l conductor of heat ; that is, beat does 
DOt reftdil; pau across its intervening spaoee, from partiolo to pBftiole, 
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and BO beoome diffused through it. We do not, therefore, heat it by 
eondaoLion, but by currenU produced within it (4(1), wbioh diatribute 
and commingle the heat thronghont ita moss. It cools in tlie same 
waj. As the particles at the surface or sides lose their heat, thej fall 
to the bottom, and others succeed them. K the particlea of water 
wrald remain stattonor;, it would be slow and difficult to heat, and 
eqoaUj slow to cool. For Uiis reaaon aonps, puddings, piea, &g., which 
oontaiu large amonnte of hot water, so enclosed and detained in their 
e that tliej are not iree to drculat«, and therefore, are not in a 
condition to loso their boat, keep hot longer, and cool Blower than 
eqnal hnlks of simple fluids. 

08. Cvatolsd Heat vf Vapor. — Aa the liquid state is th'S result of 
lieat combined with solids, the vaporous state is the further result 
of heat oombiued with liquids. Enormous amounts of heat are 
necessary to convert liquids iato vapor, bnt the vapors are no hotter, 
according to the thermometer, than the liquids were ; they are, there- 
's of iuBensible beat. All the Lent which is necessary to 
boil off a liqnid, becomes Jalent in its vapor. The heat that diui 
enters the boiling liqnid witlumt rmsing its temperature, must go 
tomeKhere. It is not scnaible ia the vapor whicli ascends from its 
, Burfaoe, for that is no hotter than the liquid from which it came. It 
is contained in the vapor, for it may all bo again recovered from it. 
The quantity of heat which becomes latent in the process of evapora- 
H tion, is very large. With the aame intensity of heat it takes 6 j times 

^m as long to evaporate a pound of water, as it does to raise it from 

^H freeang to boiling; it therefore reccivea 5} times oa much heat. If^ 

^B therefore, 180° were required to boil the poond of water, 1000° are 

^1 required to change it into a pound of vapor ; but, aa the pound of 

^M vapor is no hotter than the pound of water, 1000" of heat must of 

^H course be concealed in it. The latent heat of steam Is then 1000° ( 

^K when condensed, it surrendera that 1000° of heat. The coudensatiuD 

^^ft of a pound of eteau will raise 5} ponnds of water from the freezing 
^^M to tlie boiling point. Tliis fiiot makes steam a valuable agent for 

^^H transporting heat, as is done by means of steam pipes for warming 

^^1 baildings (139). Wherever condensed, it lil>erates large quantitieB of 
^1 boat, 

^H G9. CosUng eftct »{ EtaporaUoii. — ^Evaporation is therefore a cooling 

^H process — it buries or temporarily destroys active beat. For this reason 
^H damp soils, although in all other reapects like dry ones, are colder. 
^H Evaporation dissipates the heat which falls upon them. The bent 
^^^ poured dowu from tho ann in torrid regiona would ha intolerable) 
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L«an it Bot for tbo oooling aOMt of nfU vvapontioo. AparbBflnta 
I ve cooled In hot oountriM br erapoimtion, vUeh proeeedi front wet 

una. The liJn ot Um body oonUins nulEon ot Iktte ■k f oawp i e 
foree, throng whidti mtcr (p ewp i rat i wt ) ia eoMUnllf ponng OMt 
to the nirfiMe. A« it thou eT^ontas into dw air aad elMsriw 

, it beoomes a powerfnl oooiing agcnoj and ngnlatar of kodOj 
temperature ; while the Tiqxs', vbidi see^xa flwoi the braath, esErta 

oUng effect within the bod^. It is yvj inteMOtiiv to otarra 

the p««t ci^mdty of liqnid water for beat, makeaitaogntabllr 

i^ aa it tntera the bod; ; and bow ito atill greaUr eapMd^ for 
i&eat, when poaang from the liqnid stato to tha eondiliMi of *atWi 

lee it eo coiutanil; to bear away from na thegsna of fenr aa it 
W<ia|ini from the BTstem, in the form of iniTurftiU poiptratica or 
mpoT. The oooling effect of funning the fkca, ia partly due to tha 

i rapid remoTo) of the vapor of pen^nrataon from the akin, and 
partly to the ooDiinction of heat by the partidea of mo*ing air. 
Brceiee cool us in the eame way. Vet floors beoomo a wtnrceof cold, 
fn rooioa, tliroa^ v^ioriiatjon. The penucioos efi««t of weanng wet 
elolhing it oaosed by the r^tid eTsporation which proceed* frwn it, 

robbing the body of large qtuuttitiee of beat. When a peraon ia 
obliged to remain in net clothing, eTaporation may be etopped by 
pBlting on an oalor garmeat, which cote off the external ur. 

0. leatMief^UnrtBg Hat aM Uawlag CaU."— It wai elated that 
when air or gasea are condensed, heat ia set free ; on the Doutrary, 
when thoy are expanded, their capacity for latent heat is increased, 
tt is abaorbed, and cold ia prodoced. Iliis is a main cause of the 
iaaget when streama of ur reach na throng craofca and a pcttuK a, 
RlthoDgh a part of the mischief is caoacd by condnetion. Tbia penl 
h expressed in the old ^stioh — 

■■ U coU III nxili rra Qmnch * Iisl*, 



Air, BpontJng in npon ns in this manner, not only cools by o 
and evaporation, bnt, having been condensed in ita passage throogh 
the chink, it expands again, and thus abeorbe heat. This is also 
&mi]iarly illnstratod by the proccGs of cooling and warming by the 
brootb. If we wish to eoel any ihiog by breathing on it, the air is 
compressed by forcing it out through a narrow apertore between the 
; as it then rarefies, it takes heat from any thing npon which it 
ttribea. If we desire to Harm any thing with the breath, aa cold 
bands, for example, we open tlie month and impel npon it the warm 
tir from the tongs withont distnrbanc« from oompreesion. 



DtEXUBMCE OF HEi-T ITPOH THX BODT. 



Tni.-PHT3I0L0G1CAL EFFECTS OF HEAT. 
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71. L*al IilHiM ar Hut ipoM tke Body. — It haa been noticed that 

the geDcral effect of beat upon bodies ia to expand them (IB). It aota 
in thia way upon the living system, juat as npon all other olyecte. The 
pleasant aensation of wannth is occasioned by an eipansion of the 
Teasels of the ekin, and the liquids which they contain ; tlieae are ren- 
dered lesB viscid and thick by heat, and made to flow more readily, 
which prodoces an agreeable feeling. If the application of heat to a 
part be oontinned, the snrface becomes red. The diameters of the 
minate capillary blood-Tessels are so expanded, that the red blood-disks 
are enabled to ent«r tnbes which would not previously admit them. 
The t«mp6ratiire rises, and there is a slight swelliag or increase of the 
Tolmne of the part, otving partially to the dilatation of the solids and 
Uqtdds, bnt chiefly to the presence of ao increased qnanUty of blood. 
The living tissues at the same time become more relaxed, soft and 
flexible, and allow rapid perspiration. Uore beat still prodoces greater 
ezpanaion. There is a sense of pain, the organic structure is decom- 
posed, tlie liquids begin rapidly to dissipate in vapor, and the surface 
becomes inflamed, blistered, and burned. 

72. GcBHil UImcih tl Hut npM the StsUh. — The body is subject 
to the action of tw'o kinds of stimulants. Vital itimulanls are those 
external conditions, such as air, water, food and warmth, which are 
necessary to the maintenance of life. Medicinal at alterative ttimuIanU 
are those agents or forces which produce temporary eiait«ment within 
the system, but nltimately depress and exhaust it. Now, in the pro- 
portion that is necessary simply to maintain the system at its natnral 
temperatnre, heat is a bonlthM, vital stimnlont; but beyond this it 
becomes a distnrbing, exhaustive, health-impairing agent. The first 
effect in undue quantity Is excitation ; the secondary effect, exhatution. 
In the first instance, sensibility is agreeably promoted, voltrntary 
muscolor movement assisted, and the mind's action somewhat exalted; 
bnt to these eO'ects succeed languor, relaxation, listlesaness, indispo- 
ution to physical and mental labor, and tendency to sleep. The body 
possesses a powerful means of self-defence against excessive heat, in 
the cooling influence of surface evaporaUon ((19), but this power of the 
system cannot be taxed with impunity. Tlie rush of the circulation 
to the surface, and the increased transpiration and secretion of the 
skin, are accompanied by a necessary diminntion in the activity of 
some of the internal organs. As the exhalation from the skin rises, 
the Moretion of tbe Iddueys and mooons membranes tails. Th« pre- 
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Tailing raalftdies of bot cUmates may be referred to, in illuatratioQ of 

tbe effect of continued heat on the bodj. Fevers, dinrrlicea, djMn- 

cbolora, and liver dijeasea, may l>e regarded ae the special '"bIb- 

of the burning, equatorial reeions. — (Pbbbib*.) 
7S. €mtqumtta af nMem Gkaigts. — But the worst effect of exces- 

Leat, 19 not olwajs the Immediate Btimolation, and donsequent ax- 
haustioD which it induces; it ia the sudden exibOBore to various de- 
gree of cold which often fbUows, when the syatem is in n relaxed and 
depressed condition, that accomplishes the most serious mischief^ lay- 
ing the Mud for so many coses of afflicting disease, and premature 
death. The effect of pasnng from an over-heated apartment out into 
a freecing air bath, is eoddenly to checfc the cntaneous circulation, and 
drive the blood Inward npon the vital organs, thns otten engendering 
fatal internal disease. It is thought that a temperature from S0° to 
G0° is, perhaps, the safest medium at which an apartment should be 
kcipt, so that the individual may not soffer from transition to citernsl 
cold, tf this temperature seem uncomfortably low, it is better to in- 
crease the apparel than tu run op the hflat, and risk the consequences 
of subfieiiueDt exposure. 



m. VL ARTIFICIAL HEAT— PROPERTIES OF FUEL. 

■ . Ti. Arlifimal heat may be produced in variona ways, but the com- 
mon roclhod is by eomiuitMHi, which is a clioniical operation carried 
on In the air. All the beat which we generate for household purpo- 
ses, it caused by tho chemical action of air upon f^ioL But what part 
of the lur takes effect! The main hulk of the air is compcsodof 
two elementary gases, oij/gen and nitrogeji. In every five gallons of 
air, there are 4 of nitrogen and 1 of oxygen, mixed and diffused 
throngh each other (381). Nitrogen, when separated, proves to have 
no active qualities; it cannot carry on combustion, — it puts ont Sre. 
Oxygen, on Iba contrary, when separated, proves to be endowed with 
wonderful cheinioal energy. A fire kindled in it, bums witlt nunata- 
ral violence; its chemical powers constituto tho active force of tho 
lur. The nitrogen dilates and wedtena it, thus restruning ita ao- 

T6. GeapMltln af Ful,— OOm vf Carfem.— The fuel apon which 
oxygen of the lUr takes efTeot in tlie bomlng process, consists of vari- 
ous kinds of wood nnd oooL These are chiefly composed of three el&- 
menta— oxygen, hydrogen, and carbon, in various proportions. Tho 
w ^fjgaa they contun, oontributea nothing to their value aa fiiel ; that 
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depeada apou the other elements: faenoe, the more oxTg^n, the \«m 
there con be of these other sabetaaces, and, of course, tlie poorer the 
fuel. Carbon exists largely in oU woods luid coiila, Oiygen and bj- 
drogon, when in their free state, — that ia, nncombioed, are always 
gases ; they never appear as liquids or solida, and no one has yet been 
able to force them into these states. Carbon, on the other hand, is 
an Qttyieldiog solid. No chemist has ever yet been able to prepare 
either liquid carbon or gateev» carboii. At the inteDsest white heat, 
where nearly every other sobstonce melta, or dissipates into vapor, 
carbon remains fixed. Itistbo eolidiiyiiig element of fuel, and it ta 
this property which makes our iires slatiouarj. 

76. BjdNB«a,UllitsOaiMlaFaM. — Hydrogen gas, the other ele- 
ment of fnel, when set free is tlie lightest siibstauce known, being 14 
times lighter than air. It is of so light and volatile a nature, that it 
will combine with solid carbon, and even iron, and carry them up with 
it into the gaseoas state. When canbined with fuel, it is condensed 
down into a eohd state, but in the act of burning, it is released, and 
Mcapea into the gsaeons form* It therefore bunt* in motioTi, and it 
is this whiah produces Jlame. In all ordinary combustion, the flame 
is caused by the homing hydrogen, and the larger the quantity of this 
Eubslauoe in fuel, the greater the flame it will yield when burnt. 

77. Wh}ltltaeM$s)trf takindleaFIre.— tTow, for these two aub- 
etanoea, oxygen has powerfal attractions, and combines with them, 
producing comhnstion and heat. Yet atmospheric oxygen is every 
where in contact with oil kinds of Aiel withont setling them on fire. 
Why is this ? Because the natnral attractions of these subatancoa are 
so graduated, that they do not come into active play at low tempera- 
tures. If carbon combined with oxygen at common temperature^ 
■with the same readiufsa and force that phosphorus does, wood and 
ooal would be ignited like a match, at the slightest friction, and oom- 
bostive processes would be ungovernable. But as man, all over the 
world, civilized and savage, is designed to develops and manage fire 
throngh the agency of these sabstances, their energies hare been 
wisely reatr^ned within the limits of nniversal safety. This makes it 
necessary to resort to some means, as friction or percnsmou, to gener- 
ate beat necessary to itarl eomiiulion, or kindle the fire. 

78. Prriicti af CwabutlM. — When the combuative prooess has 
ooramenced, two things Like place ; the fuel disappears, and the air ia 
changed. The snbatanco of fuel is not destroyed, it only changes its 
shape, tabes on the inviabJe form, and mounts into the air. Oxygen 
■ombuus witli oarbwj, hoth elamenbi disappear, and a now prodiiot 



in onsmoju:. oossnTTENTB. Bl 

,0 Boid gas (298), Ab carbonic nrid ie tlins given off 

e b7 combnHlioD, it ta s coostant and nnirereol oonstitueDt 

otmosphere. It forms l^OOOth of tlie nir, and would increase 

B quantity, bnt it is constantly withdrawn by planta. When pnre, it 

■<«tinguiahes Sre, and when mingled with the air it rapidly diminiahea 

» power of sustaining oombnstion. When oxy^n combines with tha 

lydrogen of fuel, it prodnceg Topor of water, which rises with the 

■rbonic acid and disperses through the air, 

79. Faei b cba^ed befare K It boraedi — Tn bnrning, orrgen does not 

ItSbmbine directly with hydrogen and carbon, changing them at once 

I to wat«r and carbiinio acid. The heat of combuEtion first decomposes 

I fnel and re-combinea its atoms, forming varions componnda 

ider different circntastances, and it is with Ihete that oxygen 

They consist mainly of hydrogen and carbon, and are 

ftinore abundant as the proportion of hydrogen in the fuel increases. 

■ Jt ia rare that these products, thus distilled out of fnel in the burning 

I Jroccas, are completely conaomed by oxygen; a portion of them 

1 wcapes, constituting smoke. 

I. HetUBii iwiren ef Hjdngtii ail Carten.— Tlie proportion of 
Keirhon in foel is nlways very much greater than that of hydrogen, hut 
I flie amonnt of heat which they give oat is not in proportion to their 
KMativo weights, A given weight of hydrogen, when burned, wiL 
■woduce three times as mncb heat as the same weight of carbon. A 
Vponnd of charcoal, whicb is nearly pnre carbon, in burning, prodnced 
1 iofflcient beat to change 7S pounds of water from freezing to boiling ; 
TSrhile a pound of hydrogen yielded beat enough In burning, to change 
1186.4 pounds through the same nnmber of degrees. The heat la in 
I jKiporiion to the ojygen consumed; the pound of hydrogen unitod 
I Wtb 8 pounds of oxygen ; while a ponnd of carbon tooic but 2} pounds 
I ht it. The healing power of fuel thns depends upon cbemieal oom- 
B%Oslt{on, bnt it is also inflnoneed by other circumstances. 
I. 81. Baw Halitan alhtti (he Tatie af Wm4> — When wood is newly 
Jtbt, it contains a large quantity of water (tap), varying in different 
■mrietiea, from 20 to CO per cent. Trees contain more water in those 
Tteations when the flow of sap is active, than when growtli is snspend- 
led; and soft woods cont^n more than hard. Exposed to air a year, 
LVood becomes air dried, and parts with about half its water; 10 per 
|'%eot. more may be expelled by artiScial beat; but before it loses the 
(t of its moisture, it begins to deoompose, or diar. The presence of 
a wood diminishee its value as fuel in two ways; it tinders 
d delays the combostive process, and wastes heat by evaporation. 
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Sit|)pose that 100 ponuds of wood oODt^n 80 of water, they hava 
then bat 70 of tme combastive material. Wben bnmed, *1 pound 
of the wood will be expended ia raising the teraperuture of the wafer 
to the boiling point, and fl more in converting it into vapor; making 
a losa of 7 pounds of real wood, or ■(', of the combnstiTO force. Be- 
eidea this dead loss of 10 per cent, of fne), the water present is an an- 
noyanoB by hindering free and rapid conibufltion, 

82. nwtlaeTilw of dlfferut Ub<i of WMd. — Eqnol teeighu of differ- 
ent varietiofl of wood in aimjiar oonditionH, produce eqnal qnantities 
of heat; bat it will not do to purchase wood by weight, on account 
of the varying qnuntitf of its moisture. It is sold by measure; but 
equal measures or bulks of wood do not yield equal amounts of beat 
According to the careful experiments of Mr. U&Booa Bull, the rela- 
tive heating valuesi of eqnal bulks (Mrdi) of several Araerioan woods, 
ore expressed t\p fotlows ; — shell-bark hickory being taken as 100. 



BbcU-tiulE Hlokoir 
n^snl Hlokory 
Whits 0*k 

Dngwpod . . 
Borab Oiik 

Hed Oik . . 
VhUc Bseah . 



White Elm 
Bed Cedar 
Wild Cherrj 
T«I:qw PLno 
BoftMiple . 
ChMtnot . 
TdlDV PepUi 

■WWW BLrch 








5* 

it 



k 



83. SoftudDardWeedh — Some woods are softer and lighter 
others, the harder and heavier having their fibres more densely pocked 
together. But the same species of wood may vary in densi^, accord- 
ing to the conditions of its growth. Those woods which grow in for- 
ests, or in rich, wet grounds, are less consolidated than such oa stand 
•iposed in the open fields, or grow slowly upon dry, barren soils. 

64. Wky Soft ud Bard Wtedi bara dmreatly.— There ore two stages 
in the bnraing of wood ; in the first, beat comes cbieQy from flame ; 
in the second, from red-bot coals. Soft woods are much more active 
In the first atage than hard ; and bard woods more active in the 
aeoond stage than soft The soft woods bnm with a voluminous 
flame, and leave but little coal; while the hard woods produce less 
flane, and yield a larger mass of cool. The cause of this ia partly, 
that the soft woods, being loose and spongy, admit the air more freely, 
but it is ebitSj owing to differenoefr in obemiosi compontioo. Para 
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Ir fibre, or Hgain, fl-on all kinds of wood, has exactly the same 
•nnpOsitioD ; a oomponnd atom of it coaUuaing 13 atoms of carbon, 
10 or hydrogen, and 10 of oijgon — or thwe bjust enough oxygen in 

oombine with all its hydrogen and change it to water in horning. 

1 in ordinar; wooti, the fibre is impure; that is, assouiat«d with 
Otlier mbatanoM whicli pracdcnllj alter its oompositioa. The hard 
ir6ods txre soaresl in composition, to pure lignin, bnt the softer wooda 

tin an eiccw of hydrogen. For this reason, they bom with more 
Mhemenoe at first; more carbon is taken ap by the hydrogen, iu pro- 
4neing flame and smoke, itnd the residae of coal is diminished. The 
iMnmon opinion, that soft wood yields lass heat than liard (eyval 
titighti) is an error; it bornB quicker, bnt it gives OQt an intenaer heat 
Ik less time, and is consequently better adapted to those oses where a 
Mfrid ^nd conceotratod beating e&ct ia required. 

S. ChariMl as FacL — Oharooal is the part that remtuns, when wood 
b>B been slowly burned in pits or oloae vosbdIh, with but a limited sup- 
ply of air, BO that oj] its volatile or gaseous elements are eipt-lled. 
Wood yields Irom 15 to 20 per cent, of Its weight of charcoal; the 
more the process is bastcDed, the less the product. When newly made, 
•harcoal bnnia without flame, but it soon absorbs a considerable por- 
Kon of moisture fh)ni the air, which it coadeosos witliin its porea. 
When this is burned, a portion of the water is decomposed, hydrogen 
ti set free, and there is produced a small amount of flame. Being very 
Bght and porons, and its vacancies being filled with condensed oxygon, 
'(Bl 1) it ignites readily, and oonsiunes rapidly. Wood charoool produces 
• larger amount of beat thanequsl wcighta of any other fuel. 

U. ffiocral CmI as FmI— iathradle.— The pit cool which is dug from 

bads in die eortli, is a kind of mioeral charcoal. It gives evidence of 

teving been derived from an ancient vegetation, which was by some 

mknown means buried in the earth, aod there slowly charred. Indeed, 

ke properties of the differcntvarietieeof coal, depend upon the degree 

) which this charring operalioa has been carried. In anthraeita, 

nvhioU is the densest and stoniest of all, it has reached its last stage ; 

e voUldle Bnbstoaces are nearly all expelled, so that nothing remains 

ifent pure cojbon with a trace of anlphnr, and the incombuatilile ash. 

ttt)in its great density, when ne attempt to kindle it, instead of 

froropUy taking Are, the heat is rapidly oondncted away, so that the 

whole mass has to be raised together to the point of ignition. Whan 

onoe thoroughly fired, this ooal bums with an intent beat for a long 

time, though less freely iu a grate than in a Htove. It is (lifficnll in the 

« to keep the whole mass of ooal in a ttate of vivid redneea, as the 
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air oODTejs awaj so mach heat from the Hurfoce of the fire as to coOj 
itdownbeluw the point of combustion (114). Anthracite bama wiUioot 
flame, smoke-, or soot, althoagh with solphuroua vapors, which, wben^ 
the draught is imperfect, or when biirned in a stove, are liable 
Bccmnulato in the room, to the soriooa detriment of its inmates, 
anthracite fire is objected to bj manj as causing headache, and 
bad sjfiDptoms. Aside from its snlpharous emanations, the extreme 
tensi^ of its heat, nndonbtedlj, hue a share in producing these 

87. CtBbatUsi »t HtudKoas Coal. — When the great natural prooen 
of Qndergromid charring ia less advanced, the coala are bituiainmu, 
that is, they contain bitnmen or pitch, a substance rich in hjdrogon. 
Tbeso ignite readily, and bum with much flame and smoke. Tboao 
which contain tlie largest proportion of pitchy material, are known ae 
' fat' bituminous cool, and in horuing, they soften or melt down into ■ 
oake, (eahing coat) and atop the draught of air. Those with less hj- 
drogenons matter, ore termed 'dry,' or 'semi-bituminous' coalj; 
tixey burn &e«l; without cementiog or caking. Bitumitona cools fur- 
nish illuminating gas by distillation in iron retorts ; a process of char- 
ring with entire exclusion of air. The residue left after charring bitn- 
mlnons coal, is called coke ; it is procured of the gas manufacturers 
and used as fuel, burning quietly like anthracite, thongli, owing tO' 
its sponginesa, it ia more easily kindled and yields less heat. Uood 
bituminous coal bums &eely and pleasantly in an open fire, with on 
agreeable, white fiomo, producing carbonic aaid in large quantity, a 
small proportion of autphurous vapor, and the common carbonaceous 
constituents of smoke (103). Its heat is much less violent than that 
of anthracite. 

B8. Lignite ar Brotn Cm! is that variety which seems to have bean, 
least charred, and stil retains the woody strncturo; its combustivfti 
value is low. 

89. Heating Efttfs af tke dinrcBt Fiels.— The heating value of these 
jucls, when burned under the same circnmatanccs, have been detei^ 
mined as follows : One pound of wood charcoal will raise from the 
freezing to the boiling point, 78 pounds of water. One pound of min- 
eral ooal will heat 60 pounds of water through the same nninber of 
degrees; and one pound of dry wood, 36 pounds of water in the same 
way. These are the highest results obtained by careful eiporimenta. 
In practice, we do not get so great a heating effect ; and besides, the 
oircnmstancee under which the fuel is burned, whether it be in a stove 
or fire-place, makes considerable diSerenoe in the result. 

90. AMUtafilrMialiedMeHnmFHk— Aa the weight of «ir 
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to btirn fati is vastl)' greater than the fiiel itielf, aai u air 
la eiceedioglf light, it wilt lie seen that immense balks of it are eau- 
aomed in combnstinn- It requires 11^8 {Ktonds of air to bora oiM 
pcmoil of cfaarcoel; and as one ponud of ur occupies nearlj 18 cnbio 
ftot of space, Die ponud of chucool will require about ISO cable feet 
of lur. Oaa pound of mineral coal is bomed by 9^6 poands of ur, or 
130 aoblo feet; and one poond of dry wood coosnmes 6.9S pounds, or 
fB cubic feet of dr. These are the smallest possible arooDnts that cau 
be tnade to effect the combustion ; as fael is nsuollf boroed, macb 
more is (vinsamed. 

yi. Tm ■MkilrhlidenCoHkwtt«B.— Yet if the object is (imply U> 
produce hatt^ Uio oontrivances we employ sboold be adapted to admit 
the lea»t possible quantity of air beyond what actively carries forward 
the combustiim. Excenof nir beoomea detrimeDtal to theburaiugpro- 
«eea, by conTeying away heat which it does not generate, oooliug the 
fbel, and checking the rate of combugtion. Indeed, to mncb air may 
be' projected upon a fire, ax to cool it down below the boruiog i)oiDt, 
■od tlius put it oat aa effectaally as water (114). 



X-AIRCORBESTS-ACTION AND UANAGEUEXT OF CniMJfETS. 
B2, CaiM sf tkeChlHDtjDraight. — The candle fl.ime l^nds upward; 
Ita hot gnsesand^ie sarroundlug heated air riaiog in a vertical streani, 
which illustrates the universal tendency of warmed air. No matter 
bow it is heated, it expands, becaose rarer and lighter, and is jireased 
Opword by that which snrronnds it Not that heated air Las any 
mysterious tendcuoy to ascend, bat there being luss of it in the same 
xpace, the eartk does not attract it downward with the same force ^at 
it does the denser and colder surrounding air. As the atmoepheria 
jlLrticle» move among each other with the most perfect freedom, the 
flolder and hearier air takes the lower position, to which gravitation 
•ntitlea it, and thus drives the warmer air apward. Thli upward 
tendency of rartfied gase« is the force made use of to enpply oar Bros 
vith the largo amoant of air which they demand. The Sre is kindled 
■t the bottom of a tube of iron or brick-work, called a^u^ or <^>mn«y. 
The atmuspherio column within it is heated and rariSed, and the outer 
tirdrivea in to displace it. This, in its turn, is also heated and ascends; 
■ continuous cnrrent is established, and a stream of Ireah air secured 
to maintain the combustion. The chimney also serves to remove from 
the apartment the noisome and poisonaoa prodncta of combostion. 
93. C«Dditlsiu tt tkt Force of Dngghk— The force of the chimney 
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draugbt depends npon the velocity of the rising cnrrent, and that 
nj>on tlie difference of weight between the column of air in the chiow _ 
Dej, and one of equal size onUide of it. Three drcuuiatancoa inftn* 
enoe the force of dranght ; the temperature, leDgtli, and sise of the idi 
Dolnmn within the chimney. The hotter it is, the higher it is, and the 
larger it is, Tlthin certain limits, the greater will be ita ascensional 
force. All high chimney stacks, with large channels, containing 
highly rarified air, prodnee roaring dranghta ; while if thoy be short 
and narrow, and their toroperatnre low, the dranglit is proportionally 
enfeebled. Friction sgoinst the sides of the chimney, especially if it 
be small, operates powerfnlly to retard tlie draught. If the chimney 
b« contracted at the bottom, the Telocity of the entering air will be 
increased. If it be narrowed at top, the smoke and hot air will he 
discharged above with more force, and hence be less likely to be 
driven down by slight chaogeB in the direction of the wind ; yet con- 
tractions in the diameter of the chimney at any point, diminish the 
total amonct of air passing throngh. In practice, chimney -dranghti 
arc infl□cnc^od by several other circamstances, and are freqoently BO 
interrnpted, that they refuse to carry off the products of combustion, 
and are then stud to traote. Tet these general atatements require 
qoalifioation. A chimney may be so high that the loes of heat throngh 
its walls shall cool the current down to a point of eqnilibriiini with 
the onter cur; the draught of a high chimney shaft has been greatly 
ottgmonted by enclosing it in an outer case to prevent radiation. Nor 
is the current of air that passes throogh a chimney, strictly in propor- 
tion to the d^ree of its heat. The draught, at first^ increases very 
rapidly with the temperature, bnt gradually diminishing, it beeotuM 
constant between 480° and 070°, beyond whicli it diminishes, and at 
1800* it is less than at 213°. The reason of tbis is fonnd m the 
great expansion o/ air at a high temperature, by which its volume is 
to much increased, that, nlthongh the velocity may be very great, the 
gtiantity, when reduced to the tcmperatnre of the atmosphere, is less 
than at a lower temperature. — Wymas, 

94. Vindi caiH ChlwMTS I* Snvke. — A high bnilding, or a tree 
standing eloBe to a chimney and overtopping it, often disturbs ite 
dranght. The wind passing over these objecta, falls down like water 
over a dam, and stops the ascending cnrrent so that smoke is forced 
hack Into the room ; or the wind may ftrike against the higher object, 
and, rebonnding, form eddies, and thus beat down the smoke. When 
chimneys are not thus commanded by eminences in the vicinity, glista 
^^ of air may still interfere irtth Utur drangbt. To prevent this, the^ 




■!» oflan moauMd with tunuaps, eoal», or rjictori (3G4) wtiich axt 
BO cuDstmoted that the ofitict of tti« passing wind ia to draw off 
the air from the chitDoev, fonn'iDg a partifLl vocaom into wbich tha 
g&flee and smoke mab from below, and bo est&bliah an opward currenU 

95. Kcv ud D»Bp CUhmji.— Wliw chimneys are new, the briok 
and mortar being dunip, are good conductors of beat, and take It 
rapid); fVom the riaiiifc onrrent of warm air. This coiuIeQiscs it, 
obstmeta its isceat, and if tlie fire below be rety hot, the cbimne}' 
siDokcs. Ab it becomes drj, however, and is grBduaUy covered willi 
uon-coDdncting soot, this soarce of difficulty ia removed. 

80. Old ExpMoN*— DMccadlBg Dntislitt.— Chimneys id the north 
end of a bonse, exposed to eold winds, o^a draw ranch loss perfectly 
tbun those on other sides, or in the still more favorable warm interior 
of a boilding. Tha air la a chimne; in the north or shaded aide of a 
house is liable to cool in Huminer, so as to have a doieiueard^ draught 
when not nsed. If tbe temporainre of the ohiinney be neurlj the 
same as that of the oat«r air dnring the da;, the eslemal cooling at 
night maj' also create a descending current. When, therefore, tha 
smoke from tha neighboring chimneys poases over the tops of tboM 
that are drawing downwards, it ia sucked In with the cnrrent and 
Slla the room below. 

97. Carreats (•■■torattlBg each •thcr.— We have seen that it ii 
only when the atmosphere is of a perfectly uniform temperati 
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s perfectly still ; the slightest ineqaality in ita 
degree of heat, throws it promptly into movement. 
We are apt to forget tlie eioeeding delicacy with 
which the different portions of air are balanced 
against each other, Tliis may l>e easily shown. 
If two tabes of nneqnol height be nnited by a third 
(Fig isX the candle in the longer tube will ovor- 
couo that in the shorter, and create a downward 
current in the latter ; or if two tubeB of equal 
length, united by a third, as in Fig. 14, have a 
candle in each, one is soon overcome by the other ; 
and tliis may happen, even when an opening is m 
tube, adraitting a limited supply of 
make a current proceeding ttoca a Are, traverse 
again before discharging their smoke into tbe 
difBeulI, if not impossibli 
both r 
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bee, which jdfl ' 

r. Qnt thia It ' 

for though onrrents rany be commenced in 

qnickly neutralizes the other, sod bnt a ungle Una J 
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03. OoB CUhict entpoireriig oittkcr, — Whes 
tliere are two fire-placeg in a room, or in room* 
cummimicating \>j open doors, a fire in the one 
maj bom ver; well bj itself; but, if we Attempt to 
light fires in botli, tbe rooms are filled with smoksi 
The stronger burning fire draws upon tlie shaft of 
the weaker fur a supply of air, and of courae brings 
the smoie down with it. Tliia difflcnlty may be 
remedied bj opening a door or window, so as to 
supply both flres with the necessary air. The same 
efieot may take place, even thoogh the two rooms 
be Bcpaniled by a partition, when they communi- 
cate atmofphtrically by the joints and doura. Sonie- 
timea, where the windows are tight, a ctrong kitchen fire may over- 
power ftll the other cliimneyi in the house and eaase tliem to smoke. 

09. Tpiwr u4 loirer FIhs^ — A carreat ootering a chimney through 
n fine horiiontaily, nuiy interrupt its draught; la oil cases of flues 
entering cbimneys, they should be so arranged that the smoke may 
assume' an upward direction corresponding to Ilie course of the maia 
current. There is great danger of smoke when the flue of an opper 
room is turned into the chimney of a lower room. If a fire is kindled 
in ail upper room when there is none below, the cold air in the main 
ahafl rise*, and, miiing with the warm air, dilutes it, and thus checks 
or obstnicts the ascent i- while if the lower firo only be kindled, th« 
cold air from the upper fine will rush into the shaft, ood cooling it 
down at that point, may cause the smoke to descend into both roouia. 
The remedy ia, either to keep a fire in both flre-phoes or to close one 
with a firebnard. 

■ •( M* ■Dcb Ur. — Too largo openings in fire-places 
I smoke by admitting so much air from the room aa to 
oool the npword corrent, and thus impair its ascensional force. If 
the flre-place be too high or capacious, or its tliroat too large, the sir 
is drown from a large space, or it may pass ronnd behind the fire by 
way of the jambs on both sides ; the current is thus impeded, and 
the Qame, which should be drawn backward, rises directly against the 
matitel-bor and escapes into the room. The fire-place should I>o so 
OOOEtrDcted as to oouipel all the air which enters it, to pass through 
or close to the lire. 

101. ItelnlM «r tM UWe JJr^It is well known that a smoky 
chimney is often relieved by opening a window or outer door; whore 
this is the cue, Uie difflcolty ia a deficiency of air to sap[dy thtt 
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dfanghL Want of b copions and regnlftr supply of air is bj far tliB 

most common oniiso of smoky cliiinneys. IIoweTer well constructed 

ODil arraoged tony bo the flues and fire-plac«s, if tbey arc nut supplied 

with a proper wnount of air they will inevitably smoke. Of ocrnr* 

if the room bo nearly nir-tiglit, thora is no ur to supply a ourront, and 

there will be no ourrent, for as mncb air as escapes throagb Ihft 

Bhimney must be conatnntly fumisbod from some other source. In 

snch a case, the smoke not being carried off will difiiise through tha 

room. There may e^en be a double cnrrcnt in tbo fio, l^ 

chimney, one upwarda iWim the fire and another from 

the top downwards, aa ehown in Fig. IG ; these two 

cnrrenta meeting Juat above tlie fire, part of the smoke 

is driven into the room. To ascertain the quantity 

needed to be brought in. under these drcnmstances, 

Dr. Fbinklin's plan was to aet the door open until 

the fire bnmed properly, then gradually close it until 

again stuoke began to appear. He then opened it a 

little wider, until the neceeaary supply was admitted. 

Suppose now the opening to be half an inch wide, and 

the door S feet high, the ^-way will be 49 square 

tucbes, e4|ual to an orifice S inches by 8. The iniro- 

duction of this air is to be in some way effected, tlio 

question being where the opening ahoU be nude. It 

has be«n proposed to out a crevice in the npper part 

of the window-f^ame ; and, to prevent the cold air i 

from falling down in a cataract upon the heads of tho OmiUi' 

inmates, a thin sholf ia to be placed below it, sloping lug iiinuk 

Gjiwards, which would direct the mr toward the ceiling. The model 

vt introducing sir will bo noticed in another place (SSI). 

109. Praa^ti throagh a Bmh. — Currents of air tlirongb a room^ J 
as from door to door, or window to window, when open, niay o 
teract tlie chimney draught ; or a door in the same side of the roomr^ 
with the chimney may, when suddenly ojiened or sbnt, whisk a ci 
rent mtrotn the hre-pluce, to bo followed by a pnlF uf smoke into that J 

108. VbdUe UtmtuU •fSHOks.— -Smoko conaisU of nil tlie dust a 
visible particles of Ibo tael which escape imbnmt, and which ai 
Biinute aa to l« carried upward by ascending cnrrenta of air. It I« 7] 
ehiefiy nnoODsnmed carbon in a statu of impalpable fineness, which ia 
depodt«d as soot along the Sue, or, swept upward by tlic air current^ 
i^Httried bi»8r<»terorIeeMrh^t^and finally falls ngoin to tlio 
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eartL. Tbiu oil tbat ia visible of amoke is reaUy henTior thu nr, ' 
which may be Bhown by placing a lighted candle in 
air-pnmp. By then exhansting the air, the flame is eitinguialied ; 
md the atreoin of etnoke that contiaaes to pour from the wick, falli 
Y,a IB, on the pomp-plate, aa is seen id Fig. 16, becaoso there 
is no air to support it. Often, in days when the wea- 
ther is said to he ' close' we notice that the amoko 
floats away from the chimney'top and falla instead of 
rising; so that the air, even within the zone of breath* 
ing, becomes charged with the sooty parCidea. The 
atmosphere is so rare and light that it cannot suat^ 
the heavy smoke. The common improKiion that the 
air on these occasiuns ia htacy, which prevents mioke 
trom riaing, la qnite etToncons. The risibility of smoke ia not entirely 
doe to sooty exhalations. Watery vapor ia a large prodoct of com- 
bustion, and, when the air is warm and dry, it remains dissolved and 
invisible ; but, when it is cold or saturated with moisture, it will 
absorb no more, and that which rlsea from the chimoey appears as a 
Tapor-cloud, and thnii ailds greatly to the apparent bulk of the smoke. 

104. Other (wttltUBti ef SHakc — gmoke contains many sub- 
stitncea beside the carhonaccons dnst, which vary witli the conditiona 
of combostion and the kind of fuel nscd. Goal smoke is alkaline from 
the presence in it of ammoniacal compounds, while wuod-amoke ia 
acidulons ihna the ligneona acids it contains. The smarting aeuBation 
produced by wood-amoke ia the eyes, b dne to the highly imtatii^ . 
and poisonons vapor of ortotote formed in the burning process. 

XI.~APPARATIJS OF WARMING. 

105. The Tarions devices fur warming are to be conudered in k 
twofold relation, as generating heat and affecting the breathing qaali> 
ties of the air. These topics ore often treated together; hut, aa w» 
desire to present the subject of air and breathing with the ntmost 
distincUiesa, a separate part will be assigned to it, and the heating 
contrivances will then be reconsidered in respect of their atmospheiio 
iuflaences. 

106. Hew Bmbi law BmC— Apartmenta lose their heat at a rata 
proportional to the eioeas of their temperature above the citemal 
air ; the higher the heat, the more rapidly it poases away. Largi 
quantities of heat escape through the thin glass windows. The win- . 
dotr paoM both rwJiote the heat outward, and it is condaoted awagy I 
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BO^nCBS OF XHX LOSS OF HKA.T. 

bj tbe external Mr. Gkes is a baH contactor of beat, yet the platei 
Bsed are m> Utin as to oppoae but a very slight barrier to iu escape ; 
on the uther band, it is an excellent absorber ond radiator, — so that, 
in fact, it permits the escape of heat almost oa readil; as plates of iron 
of eqnal thicknen. The loss of beat in winter, bj angle windows, ia 
TEree-fonrtliB or 75 per eent of the heat whioii escapea 
(hrongh tbe glam, would bo saved by double windows, whether of 
two sashes or of double panes only half on inch apart in the same 
tadi. Heat is also lost by leakage of warm rarefied air tlirougb 
orerioes and imperfect joinings of windows and doors, wliile cold air 
rnabea <n to snpplj its place. Heat also escapes throogh walls, floors, 
•nd ceilings, at a rate proportioned to tlie conducting power of the 
•nbstoncM of whiob they are composed. Anotlier source of loss ii 
from ventilation wbero that is attended to, whether it be by the chim- 
ney, or throngb apparatus made on purpose, and it may be estimated 
as about i cubic feet of tur per minute for each person. This L 
lowest oBtimate; auLhorities differ npoa the p<nnt, the ablest patting 
It much higher (33G). The loss (Wim this sonroe is proportional to 
the scale adopted. Much heat, besides, is conveyed away by the cur- 
rents necessary to maiutain combustion. To renew the heat thus 
rapidly lost in these various ways, different arrangements have been 
resorted to, which will now be noticed. 

107. Dar Bodies bdriaWaiatbsRtMtt. — ^In estimating the soarces 
of heat in apartments, we must not overlook that generated in 
own systems. The heat lost by the body in radiation, b guned U 
apartment; in the case of an individnnl, the amount is small; but 
vhere nauibera are collected, tbe effect is considerable. In ecperi- 
meuts made npou this point, hy enclosing different individuals encces- 
aivoly in a box lined with non-conducting ootton, open above and be- 
low, and BOspended in the ur, it was found flrst, that there ia a oarrent 
ascending from the person on all Bides; and second, that the air wsl 
Atnnd, on an average, 4° higher above the head than below the feet. 
In a dense crowd, ^r a<lmitted slowly throngh (ho floor at 60°. risca 
to 70° or 80° before rcodiiog the head. The tempcratare of a lecture 
room f■^et high, and 34 by SB sqaare, occupied by 87 persons, and 
the outer air at 83', roao by the escape of bodily heat during the leo- 
Inre, twelve dngreos. 

IDS. AaclfBinethvdof Waral^. — The chimney is a rao<lem dericet 
coming into Dse only MO or 400 years ago, with the mariner's compass, 
the printing press, mineral ooid, and that array of capital in^ 
and discoveries which appeared with the liaybreak of the new dvilt- 
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catiou that gacceeded tlio dark ftgea. PreTioosl/ to that time, honica 
were bested as Icelfuid huts are now, — by oQ open fire in the middle 
of tlie apartment, the emoke escaping by the door, or passing ont 
through apertures in tbe roof, maile for thia purpose. The Greeks and 
BomunsLad advanced no farther tliaa this in the domestic manage- 
ment of heat. They kept fires in open pons c»Ued irasiert. Tbose 
of tlie Romans were elegant bronze tripods, supported by csnod im- 
ages with a round dish above for the Are. A annll vase below con- 
tuoed perfiimes, odorons gndtt, and aromatic spioes, which were used 
to mask the disagreeable odor of the combnstiv-o prodacts. The por- 
tion of the walls most exposed were painted black, to prevent the 
visible effects of smoke ; and the rooms occupied in winter had plain 
cornices and no carved work or mouldings, so that the sojt might be 
easily cleared away. 
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109. Btractuw ud lapraTCMMite.— With tlie chimney came 
fire-place, which is an opening on ooo side of ita base. At first it was 
an immense recess witli square aide-wulls QavAi) and large enough to 
contain several persons, who were provided irith seats inside the 
junbsL These flre-plaues were enormoasly wasteful of fuel, and were 
in other respects very imperfect. They have been gradually improved 
in various ways. By redocing their dimensions and greatly contract' 
ing the throat, tlie force of draught is increased and the liability to 
smoke diminished. By lowering the mantle or breast, the flow of 
large masses of air which entered the chimney withoot taking part in 
the combostioD, was stopped; while, by bringing the back of tbe fire- 
place forward, tli? fire was advanced to a more favorable position for 
heating the room. Rays of heat, like those of light, when they strike 
on an olu'ect, are reflected at the same angle as that at which they 
fall, — that is, tlie '* angle of Inoidence ia equal to the angle of reflee- 
tion." How, when the jambs were pkced ot right angles witli the 
back, that is, facing each other, they threw their heot by reflection 
(and when hot by radiation) backward and forward to each other 
across the fire. By arranging the jambs at on angle, they dispent 
the heat through the room. Count Riticvobd states that the pi 
(Uiglo for the positions of jambs is 185 degrees with the back of 
fire-place. 

110. Rtw tk« cpea Ftrt-place warm tfee Imm.— Tbe heat of 

biutlon from the open fire is enlircly radiant — -thrown off directly 

from the bnming Aiel, or reflected from the tides and back of Um fit*- 
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OFEN VtSH-FLACBa WASnt BKAT. 

», It Strikes upoa Uie walls, ceiling, floor, and flimitaro of the 
n ; a portion of it ia reficcted ia variona <lirectioD8, and the reet U 
I abtorbed. The objecta whioh receive it ore warmed, and sroduull; 
I fanpart tbuir beat to the air in contact with them ; — geotle curreots 
I thna produced, which help tc eqaalize the temperature of the 
iiooiu. Those portions of the lur which ore in contact with the hre, 
I become heated by eciubteCum, bat the; inunediately rise into tlie 
^diimne;, and are, therefore, of no dm in heating the room. As a fire- 
I'ldkce is situated at the aide of the apartment, and as radiant heat 
f from its source decreasea rapidlj in int«a3it7 (33), it is 
■^.•bvions that the room will be yery unequally heated. Nour the fire 
l# will be hot, while the remote places will be in the opposite condi- 
Thero is a semicircular line arotmd the fire-place, in whicti 
Kpcntons most dt to be comfortable, withiu which .lue the; are too 
Kbit, and bejond which ttiey are too cold. Of course, in tlus method uf 
■ Varming, the bod; recoiveB the escess of heat only upon one aid^ at once. 

Ill, "He apu Hm Ml EeMCalcaL Fnol pves out its hent in 

o naja, bj radiation and bj immediate contact. Peolbt has shown, 

t\^ ingenious experiments, that the radiated heat from wood waa i; 

[;from charcoal and hurd coal about j, of the whole amoQDt produced. 

I a general reenlt, tliose oonibostiblce which burnt with the least 

a jietdcd the most radiant heat. As the radiant heat is thus the 

■HDoller quantity, the arrangements in whioh it ahM _ ._ 

b employed are by no means economical ; yet tbe open 

~ ft-place heaM entirely by radiation, and b therefore 

« most wasteful of all the arrangements for heating. 

t is said that in the earlier fire-places 7-8thB, and 

1 snys 15-16tha of all the beat generated, 

Bended the chimney and was lost. It is probable 

Hiat in the beat constructed fire-place, from 1*3 to 

" 4ths of all the heat ia thus wasted. The fire-place 

b greatly improved in eoo^omy and heating efficiency 

o conatructing it that it moj supply a current of 

Gated ur to the room. This is done in untnerona 

r irays, as by setting up a aoap-stone fire-place within Jj 

I the ordinary one, and leaving a vacant apace between 

1, into which cold air h admitted from without, 

which ia then thrown into the room throu^^h an open" 

ing or roister above. This is an excellent plan ; it is 

ex«ented with various modifications, but, if well done, ootwi^^i^iM 

tt oaswen admirably. Even a flue made of gome thin On-pi^A 
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materinJ, and oonlained in the ohiinney, the lower eitremitr com 
manicoting witli the exteroul air, and the upper with the rooni 
(Fig. IT), answers a iiicwt nseftil porpOBe, Heat is saved ; abnadasce 
of air is furnished to the room without unpleasant draughts, while a 
commoQ cause of einoko ia avoided (101). 

113. FraikllB 8t»Te>— Dr. Fbaneus contrived a heating apjiaratus 
of cast iron, whiflh he called the Pennti/lsania Jire-plaee, bnt which 
18 generally known as the IVattklin time. It offera one of the best 
methods of managing an open fire. It is set up within the room, and 
the hot air and smoke from tie fuel, instead of escaping Ih)m the fire 
direcily up the chimney, is made to traverse a narrow an.l circuitous 
ainoke Sue, which gives out its heat like a stove-pipe; at the same 
time air is introdoced from ont of doors throngh air-passages which 
anrrotrnd and intersect the smoke-flue, and, after being wanned, it is 
discharged into the room by means of proper openings. This appo- 
ratns wann^ not only by radiation from the burning fuel like the 
common flre-ploce, bnt also by radTation from the hot iron ; besides, 
the (ur of the room U heated l>y contact with the metallic platea, and 
there is still another source of warmth in tlie hot air brought in from 
without. 

113. Goal Cratni— Aa cool contains more eombostible matter in 
the same apace than wood, and prodoces a more intense heat, a moch 
amaller fire-place answers for it. A very narrow throat in the chim- 
ney ia BQfBcient to carry olf the amoke. The coal-grate is a more 
economical contrivance for warming than the larger wood fire-place, 
chiefly beoaose it lessens the current of air which enters the flae. In 
the wood fire-place a copious stream of warm air passes up the chim- 
ney, which takes no part in comhnstiou, but carries off with it much 
heat, the place of the cscnping warm air being snpplied by cold air 
from without. The coal-grate is closed, like the fire-place, on threa 
ddet), the &ont consisting of metallic bars or gratis, which, while tloy 
confine the coal, suSbr the heat to radiate between tbem Into the 
room. The udes and back of the grate should be formed of fire-brick, 
soap-atone, or some slowly-condacting substance, and not of iron, 
which conducts away the heat ao fast as to deaden the oombnetion — 
fur a fire may bo effectually extinguished by contact of a good con- 
ducting solid body. For this reason, as Rcicfosd first pointed oat, 
there should be as littA metal about a grate as jioasible, the bars 
being made as slender and as wide apart as practicable, so as to inter- 
cept the fewest radlatiuna from the bnmiDg surface. 

■ ta tk> SnM^The tana of tbaa 




ehoold be BQch u to «xpOie tlw largest mrfaM o^ •iMiidetmBt mmI to 
e apartiQont. If it has a rircalar front, tbere will be not 00)7 more 
■ nifiwe, but the heat ma; tb«D be radiated in al] directions ; yet, if too 
freat n snr&ee \a exposed to air, in extreme e«ld weather it camea 
off the heat faster tbso combaftion renews it ; and the coal, if it ba 
anthracite, growi hlack npon the exposed ade and boms feeblj. Hm 
art of boming fbel to the best adTontsge in open gratea, U to mun- 
tain the whole m^aa in a state of bri^C incandescence, bj prevailing 
■II annecceaai? obetmotJoD of best, either by contact of surrotniding 
metal, or cnrrents of cold ur flowing aver the fir«. It is very difficult, 
however, to eipoae a lat^ fire-mrface to the atmosphere, and at tlie 
■ame time properly regulate the quimtit j of air admitted. It is po»- 
iible for foel to BmonUer away and entirely dkappeor with the pro- 
duction of very little seiwible heat. To be burned with eMinoaiy, 
therefore, it most be burned rapidly under ihe miyst favorable cot)di- 
tioD9 of vivid combtigtion. The heat absorbed hj the (tael, the aur- 
roonding Bolida, or the ruing vapor, ia of course not available, hot 
only the ezetm which is emitted into the room. To oaose thia lively 
and pcrfL-ct coinbostion, all the air which comes in contact with the 
Aicl must be deoompoited and part with the whojc of its oisygea. 
Every particle of ur passing np throngh the fire, which does not help 
the combustion, bindm it, first by carrying off A portion of the heat, 
and second by cooling the ignited sarface so that it attracts the oxygen 
With lees vehemence, and thns causes the Bre to languish. Tbo air 
•bodld also bo pare, that is, as little as poerable mingled vrith the 
' gsaeont prodaets of combustion. Air entering below a lire, rapidly 

a its oxygen and becomes oonlamioated with oarbonio acid ; both 
changes imfitting it for carrying on the process actively in the upper 
regiaas of the fire. It, therefore, the mass of burniog material is too 
deep, the upper portions bora feebly and at least advantage ; yet if 
the {rieces of coal be lai^, scarcely any depth of fnel will be ssfflcieDt 
ip btero^t and decompose the cold air whioh rises through the wide 
tpaete. If tha coal be not large, perhi^js a depth of four or five 
inches will be fowid most economical. 

115. OUfercat Uads «f GnUe— The modifications and variations of 
the fire-plac« and coal-grate are innnmerabte; and tlie multiplied de^ 
vices which ore continually pressed npon pablio attention, are, many 
of (hem, bat reprodoctioUB of old plans. The use of a umple iron plate 
tor a fire-bacfc, hns been employed to warm an ad^joining room Ntoated 
behind tlie fire-place For the same purpose grates have been bung 
■pon pivots, so aa to revolve, and thns warm two rooms, as library 
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and bedrooEQ alMrnatelj. In Golson's stovo-grate, tlie flre is eaatei 
in on Qra or Taae-sbaiied grating, and is Biirronnded by a circolftr rci^ 
fleeter wliicb throwH the rajB, both of beat and lif^lit, ir 
parallel lines. Coal-grates are also conatrncWd on the principle of tha 
doable fire-place, by whioh warmed dr ia introdaced into the room from 
witliout. Dr. Fkajieuh devised an iDgenioas grate called the eireular 
fire-'Cags. It was so bung as to allow it ta revolve. Tbe coal n 
ignited, aa usual, at tbe bottom, and when tbe cosibnstion 
advanced, the cage was tamed over bo as to bring tbe fire at tbe ti 
By this means, tbe fresh coals at the bottom were gradoally ignil«d, 
and their tmoke having to pass tbrongh the fire alytve them, was ra* 
tirely consumed. 

110. IraWi lew Grate. — Dr. Ansorr has recently constmcted a 
new grate, in which the same henefit^-the eon»umplion of smoke, li 
seoored. The bottom of the grate is a movable piston, which may b 
made to fall a considerable distance below the lower grate bar. 
large chai^ of coals is then introduced, which rests upon the pist<m 
and fills the grate. They are lighted at tbe top, so tliat the boat passM 
downward and oonsames tbe smoke sa it ia formed below. As the 
cools waste away, at the top, tbe pbton may be rtused by tbe poker 
used as a bar, and thus ft^sb c«al is supplied to the fire /rmn heneaOtm ■ 
When the first charge is consumed and the piston ia raised to the hoU'j 
torn of tbe grate, a broad, flat shovel is pnshed in upon tbe pisl<ai 
which supports tbe burning coals, and aSbrda a temporary support for 
tbe Gre. The piston is then let down to tbe bottom of tbe boi, and k 
new charge of coal shot in. This arrangement is valuable for abating 
the smoke unisanee where bitnminons coal ia bnmod. Much inge- 
nuity haa been spent upon contrivances to bum or oousumo smoke, ^ 
The thing however is impracticable. When smoke ii 
by fire, we can no more advantageoutl!/ convert It to heating pnrpoeei J 
than we con tbe smoke of a badly burning candle to tbe purposea df 
lighting. When erooke escapea from the lll-adjosted flame of a h 
we notice that tbe flame itself is dull and murky, with diminished ti| 
but if it bum without smoke, tbe flame is wbif« and clear. Bm 
do not *ay In this case, tbe lamp bam* iti ttnoie, but that it bun 
viithout tmokt. The aim should be, so to condnot tbe first comhnstiM 
that smoke sball be pretrnted. 

IIT. Gnrttc shMli aM be M( tM law.— As the open fire warms 
radiation, it should he so placed as lo favor this mode of diffusint* h 
Tbe tendency of currents of heated air to rise, secnros sufficiently tJ 
warmth of the npper porQoa of the TDOm, w> that tl 
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Ite grate should be to heat the floor. If the fire b sitnsted t«i7 Iov, 

Qie radiation will be considernble upon the hearth, while tint few he»t- 
Mjs will attike Airther back upon the floor. Thej vriil po^ nearly 
parallol along the carpet or floor, just ae the solar raja, at annrbe, 
durt along the anrface of the earth. If, however, the Are be raiiisd, 
. Its downward radiations strike upon the floor and carpet at Bome di»- 
tanao bock, with sofficient force to warm them, jnat aa the snn's rajs 

more powerfnl when ho shines from a considerable diatnnce abo^e 
ttie horizon. If a id (6g. 18), ropreaont a radintiag point or fire in ■ 
room, and b c the floor, it will be wen 
that no beat-raje fall npon it; while 
If the floor be at d e, it will receive 
rays from the fire. " In snch orriuge- 

it it is seen by nhens the ray-Unea 
Intersect this floor, that mncb of the 
boat of the fire mnst spread over it, 
and ohiefiy between the middle of the 
room and the grate^ where the feet of 
tlie pereons forming the fireside dr- " ll^^ 

are placed. Striking proof of the ■iLi— 
taeta here set forth, ta obtained by 

laying thermometers on the floors of rooms with low firea, and with 
similar rooms with Area aananal of old, at a height of about 16 or 18 
Inches above the beartlis. The temperataro in the upper ports of all 
these being the same, the carpet* in the rooms with low firea are colder 
by several degree than in the others." 




I 



a.— STOVES. 

118. Oaw Rmm are winM< by Stnes.— Tlie stove is an enclnenre, 
with OB, commonly of iron, so tightiy constmcted as to admit through 
an apcrtnre or damper, only sufficient ur to maintain the combnstjoa 
of the foel, which may be either wood or c-oa). The heat generated 
within Is commnnicoted, first to the metal, and then by that to the 
apartment. It is nsnatly sitQStod quite within the room, the producta 
of bnming being conveyed away by a flue or pipe. The stove imparts 
ha heat by radiation in all directions; it also heats the air in contaot 
with it, which immediately rises to the upper port of the room, that 
which is cooler taking its place in the eame manner as heat is dts* 
tribnted UiroDftl) water in boiling (iS). 

119. Brick, EMhtanire, and Pareetala SUtm.^— Stoves made of thcw 
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materiala are most common in German; and R[)B9i&. Thej are g«iy 
eraUj made to project into the room from one side, like ft chest of 
drawers or a sldeboiird \ the door for the fire being someliiaeg in sn 
adjoining Bporlment. These itoves heat more alow);, and oonso- 
quontlj give ont their warmth for a longer time than those made of 
iron, nhich are eabjeet to rapid Tariatious of temperature. 

120. Belf-Kg^iUBg SlsTM. — Theee ore Blovca to which are appended 
oontrivanoea for regubting the dranght. The principle employed is 
the expansion of bodies bj heat, aod their contraotjon b; cold. A 
bar of brass or copper is bo attached to the atove, that when the heat 
within increases, it lengthens ; it then movee a lover and closee the 
apertnre which admits the draught. This checks the £re, and causes 
the bar slowly to oool; it now contracts, and again opens the apcr- 
tore of dranght. Dr. Arhott prodnced the same result by means of 
B oolamn of air contained within a tube acting npon mercnry wbioh 
moved a valve, and thus coutroUed the air-apertore. As the addition 
and subtraction of heat canae gasea to cliangv their bulk icore readily 
than solids, a well constructed regulator of this kind woiJd be more 
sen^tive and prompt in action than one of metal. 

121. Ur^lgkt Steves'—The so called air-tight stoves aro very 
common. They are designed to admit the idr in small and regulated 
qnantities, so as tA produce a alow and protracted combustion. This 
mode of generating heat is loss eeonomioal than is generally suppoeod. 
To become most perfectly available, heat most be set free at certain 
rates of q>eed. The compounds formed by combustion at a low tem- 
perature, generate moch less heat than those whioh result from quick 
bnrniug. Indeed, in the low, smothered combustion, the fuel nnder- 
goes a kind of dry dittillalutn, prodocing carbnretted liydrc^en gases 
which escape into the chimney as nnbnmt volatile fuel, and are of 
ooorse lost. These gases are inflammable, and wben mixed with tur, 
often cause explosions in air-tij^ht stores. Dr. Ubb found that 
white S J pounds of coke evaporated 4| pounds of water, from a cop- 
per pan, when bmited in a tinylt hour, yet that when the same 
amount was burned in (welM hour*, bnt little over half that quantity 
of water waa evaporated. As has been previously stated, to evolve 
the largest amount of beat from fuel it must be burned rapidly, and 
with a supply of air sufficient to oarry the oxidation at once to ila 
higheat point, by the production of carbonic acid and wat*r. Whei* 

- the fuel is qniukly and completely burned, and the hot, esca]>ing gaMV fl 
ve made to traverse a snfBcioDt length of pipe to have parted witfat I 
Beott; all thor heat before entering th» dumney, then renidiu n^tjl 
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ing to be desired on the bootb of economy. It is eTide^t that sU the 
heat hMB bcea rttainod in the room, and in this cose the stove beoomai 
le moat efflcieDt beating apporatns. 
122. ESM ef Hken la 8tt*eplp««'— The heating aotloti of the sheet- 
Iron ftue or Btorepipe, is derived &om the hot current of air withio it. 
In proportJon therefore as it contributes to the warmth of the room, 
this ourrent of escaping air la cooled. That this cooling of air withio 
the pipe takes place rapidlj', may be shown by the difference of tern- 
yeratnre at ita conneotion with the Btore, and where it enters the 
•himney. The cooling lakca place of oonrse fi-om wiihoat inwardg ; 
~ie outer stratum of the hot air current which is in contact with the 
^pe coota faster than tbo interior portion, so that the centre of the 
anrrcnt ia the hottest. Kow it is well known tliat the eSect of elbow- 
Joints in a pipe, b to make the aame length of it mnch more efBcaoions 
In warming a room, than it would be if straight. The canse of this is, 
thai the heated air, in malcing abrupt tonta, strikes against the sides 
with Btifficient force to break np and invert ita previous arrangement, 
md so mingle it, that the hotter air from the interior of the cnrrent 
b brought more into contact with the ndes of the pipe, and more heat 
li thna imparted. It also checks tlie rapidity of the cnrrent. Asradi- 
Ktiaa prooeeda maoh slower at low tem;>eraturcs tfian at high ones, 
fte pipe, as it recedes from the stove, becomes rapidly less and less 
nefnl as a means of diffiising heat into the apartment ; it gives ont 
Imb heat, in proportum to vbat it mmtavu, than the hotter parts of tlis 
pipe. There will, therefore, he httio gamed by greatly lengthening it. 
MrfaBUvfc— The desirable points to be eccored in 
n and management of stoves, are, Jirit, ready oontriv- 
inocfl for regolating the draught ; t«eond, accurate fitting in the Joinings, 
Aoora, dampers, and vjdvea, to prevent the lenbago of fonl gases into 
the room ; third, enclosure of the fire-spaoe, with slow oondnctors, as 
Are-brick or stone ; /ourth, a high temperature, attuned by the rapid 
tod perfect combustion of the ^el; and ,fi/A, to bring all the heated 
products of the combustion in contact with the largett pouibk abiK^rh- 
tno ami radiatinff metallie turfaee, so that tbe iron in cuulact with 
r may not be overheated, bnt pve out ils warmth at a low 
teroperature. Large stoves, moderately heoted, are tliorefore most 
desirable. The cooler the snrface of the stove, or the nearer it is in 
tamperatnre to the a!r of the room, the more agreeable and saluhrioos 
will be its inflaeoce. This desirable resalt is to be obtained only by 
exposing the greatest quantity of beating snrface to the least qnutity 
ilf ftiel — a condition almost revarsod in our modern stovea. 
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121. Dot-air Fbthuh.— Heatiog b; liot air, as it is termed, has n 
contly come into very genera! use. In tliis case the heater is not aitn- 
aUA in tlie aportmoiits to bo warmed ; hot air being conveyed from it 
through Bir-fluea to the rooma (fig. 10). Tho most common plan is a 
hot-tdr furniioe. It ia oonstmot- 
ed of iron, and nsnally lined with 
fire-brick for burning anthracite, 
and has a fiue connecting it with 
the chimnoj, to remove smoke. 
It ia cnolosed in a case of iron or 
briok-work, with an interval of 
apace botVoen, forming an air- 
chamber. Air is mtrodaced into 
this chamber, either directly 
from the room, or by moans 
of a oondnit, from without 
the building. The furnace ia 
aitnatod in the collar or baa«- 
meat, and the entering air heat- 
ed to the required terapcratttre, 
by contact with the hot iron, 
escapes upward from the air- 
chftmlrer throngh tin tobea, 
which distribute it to all parta 
of the dwelling. It enters the 
room throQgh apertures called 
reffutert, which may be opened 
or closed at pleasure. This 
method is commended by ita 
economy of spaoe, the heating 
inoobino being excluded from 
the occupied apartments; fuel 
B completely, and with better economy, in & 
lingle furnace, than if boraed in several stoves or p'ates. A disad- 
vantage however, ia, tbat the power of the furnace being gauged by 
the requirementa of a aortujn sized building, or number of ai 
h net e«sily accommodated to a fluotoating demand for hi 
126. DlffuUi If BK Alf ikmck Ut lpulMWt.-There t 
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dlB&dTuitagM attendiiig the entrance of hot air in large streoma 

through re^Etera in the floor. If it be very hot, it will asc«Dd direotljT 
to the ceiling, withont importiiig its licat to bodies aroimd. In ft 
«hnrch, hcat«d by two large hot-air stovee, delivering the air tlirongh 
large opening in the floor, we have found a difference, after the 
heating process has been going on three honia, of more than 30" be- 
tweeu the teuperature near the oeiliog and that of the floor. InsomB 
pDhlic bnildiDga, a Btrstum of air has been observed at the height of 
80 or 80 feet from the floor, with a temperature above that of boiling 
water, while below it has been disagreeably cooL In private houses, 
with the hot-ur fnnuLees, now in general nae, air is nsnally introdnced 
«t a high teniperatnre. It rises directly to the ceiling, Bpreodfl out 
upon it. Find on reaching the walls, descends bj them and the windows, 
more rapidly by the latter (337), until it reaches the floor, along which 
it is diffused toward the register, when a part is again drawn into the 
•eoen^ng onrrent. llence we see that those assembling joat arouTid 
the register, and not over it, are in the eoidtit part of the room. 
That this is the case, we have also proved by the thermometer; while 
the air, midway between the floor and ceiling, in a moderate^ized 
Bitting- room, was at 74", that near the register, was bnt 68°. — (Wt- 
>tAN.) Even in a room heated by a stove, or any other apptirfttns 
placed within it, and upon the floor, the lur is found, after a time, to 
arrange itaelf in horizontal layers, the tBmperstures of which decrease 
from above downwards. In on experimout to ascerUun the temper' 
*tare in a room 81 feet high, the following indications were obtidned. 
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128. Btw «• an nrmti !■ Bs(-«Ir !••■«.— We are 

that after all. it is less the contact of heated air which warms na in hot- 
air BpartmentH, than other agencies. We may enter n room in whiob 
the atmosphere is at 70°, or even higher, and yet be (hilly. Great 
amounts of air contain hot little heat. The quantity of beat ihar will 
r^se 1 cnbio foot of water 1 degree, woold bo so diffiised as to raise 2,850 
cubic feet of air one degree. — (Aosorr.) From the omonntof air that 
oomes in contact with onr bodies, therefore, wo cannot get sufScicnt 
heat to warm ns rapidly. If the walls, floors, and furniture of the 
room ore cold, though the air bo worm, the individual radint«s heat 
tg them, and is Domp^naated by none lu return; irhilo if they are 
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worm, they become consUnt sources of radiant wannth. 
also become a direct source of cold if it be dry. If w( 
bulb of a tiiermometer, and eipose it to tlio rays of n fire, it rocuires 
tbe heat and rises ; but when moistened and exposed to the action of 
warm, dry air, it will ainlt down savenil degrees, cansed by tie evap- 
oration which carries off heat. In the same manner, oveMry air may 
promote cooling by increasing bodily evaporation. We shall refer to 
the effects of but air again. 

lar. Ddittas \j nit Wtler.— We hare seen how water U pnt in 

motion by heat ; the accompanying figure shows the working of the 

ruk M principle. As the lamp heats the water on one side 

of the tnbe, it expands and ascends, the colder 

water coming forward from below to take its plaoe, 

I which eatahliabes a circnlation. As the hot water 

passes ronnd the circoit, it gradoally ports with its 

heat throngh the tnbe to the snrroonding air. The 

great specific heat of water (4B) by which it holds a 

large qnantity of caloric, adapts it well for the 

transportation of this agent ; and, as it parts with 

s large portion of heat but slowly, it is the most 

I constant and eqnablo of all sonrces of warmth. We 

have already referred to the significant fact that 

when the heat of a cnblc foot of water is imparted 

lir, whatever be the nnmber of dogroea throngh 

'' which the water fatts, it will raise through the 

same nomber of degrees 2,850 cubic feet of air, 

128. Tnr* (torw tf Hst W«t«r ippwUu.— There aro two methods of 
warming bonses by hot water. In one the mechanism ia placed in 
the cellar or basement, and beats air which ia conveyed npward to 
warm the apartments above, oa in the case of fomaoes. In this form 
of the niechanisra, the pipes do not ascend to any considerable height 
above the boiler; but, in the other plan, a system of small tubes ia 
distribnlcd through the honse, being laid along to fit any form and 
succession of rooms and passages, or the; are coiled into heaps in 
variooa situations, and impart-^eir heat by direct radiation, Tborsj 
ia a difference in the degree of heat in those two plans, 
exposed to fire, as we have seen, risen in temperature to the boiU 
point nod goes no higher, bnt thb varies with depth and pressnrvl 
In those arrangements, therefore, which are confined below, the wab 
hardly risee above the temperature of 212°; while, in those whicb^l 
•xtuid ttooDgli tha dwelling, it asoeoda magy degrees highar. 






gooA hotrtnttsT onaguatM, froB iti eeutaaej' nd ragdanty of 
ulloQ, and when not b«aud above 200' er US', •fbrdi one of tbs 

tost kgreenble modes of healing ■ dvefiiiiK «hbottgfa it is u praswt 

D expensive ts lo pUce it beyond popDlir roMh- 



Bount of heat (68), it beoomea m arailaUa ibmds rf its ti 

If admi tted into sn^ Teawl not u hot M ItMU; it i* i^tdl; o 

1 st the same time gitw ila he«t lo the tsmcI, 

« it in the spAM aroimd, A BTstem of tabes wotodli^ from a 

ir maj be so airangod as to wana dte air which is thrown tnto 

room throo^ a roister, or they omj b« wound into cuik bb i& 

a prenons case (I33X and ^apeatie their heat bj ndiatioii. Tbe 

e BO placed, that the water from the condfitaed cteaat Sowm 

Ic to the boiler, or the hot water maj be drawn <tf into icaada 

I Vbioh are made to contribnt« to the heating efbet. Thas node of 

■ kuting requires a lomperstnre alwsja at SIS" for the Ibnnation of 
1, and often mach higher lo drive forward the condensed water 

Kffid clear the pipes, A Beriona drawback to thia mode of heating it 

idtat the BppariLtiie ofW emitg s disagreeshle rattlin; or rlimlriBg 

I wnnd, owing to the oondensation within the pipea and the saddM 

■SiovtmeiitB of stcum and water. There is also a Amdamental oljee- 

.0 the method of warming rooms bj heat radiated fhun ooQb nf 

falpes, whether tliej be heated by steam or hot water. In neptrt of 

"» oondition of the air, this ta the worrt of all methods of heating^ 

r it makes no provirion whatever for eicbonge of tar. AS the 

ir heating arrangements involve more or le^ necessary voitilatioii, 

tt racliating pipes afford none at alL 

ISO. U>k ef Fire bT Ibtse mMkads bT Watatas— It has been snppoaed 

t the emploTment of hot water, hot air, and steam pipes, as a 

IS of heating bnildings, onts off the common sources of danger 

tnn fires, and is entirely safe. This is a serions error. Irun pipes 

bhle t3 be heated to 400°, ore often placed in close contact with 

B skirting boards and Wooden Bnpporta, wliioh a mocb lower 

!0 of beat maj aoffice to Ignite. By the toog-oon tinned q>plica- 

n of beat, not much abote that of IwUmg water, wood becomes so 

■ baked and charred that it may take fire withont the application -of a 
^Sght A considerable time may be reqnircd lo produce this diange, 

V tliat a fire may actually be " kindUod upon a mon'f premita for 
BOM." The circular rim Bupporfing a still wliioh was nsed in the 
teparatioD of some medlconient that required a temperature of only 
s funnd to have charred a circle at toast a qnarler of an inch 
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deep in the wood b«iient,li it in le^ Ihan sis moutha. There are nn- 
13 casea of buildings fired by those forms of heating npparatns. 
In ftf fins. — The Se{!retftt7 of a London Fire losnnuice 
office stated that the introductiou of lacifer nmtcboa caused them an 
anniiBl loss of $50,000. Of 127 Area caused by matches, 80 wore 
prodaced bj their going off- from best; children playing with them, 
4B ; rat gnawing mntchea, 1 ; jackdaw pla^g with them, 1. Wax 
matches are run away with bj rata and mice, taken into their holes 
and ignited hj gnawing. These facta point to the indispensableness 
of match-safes. In London, daring a period of nine years, the pro- 
portion of fires regnlsriy increased from 1.96, at S o'clock, A. M, the 
time at which all bonsoholda raiglit be oonsidored to be at>oiit, to S,44 
St 1 o'clock, P. M ; BJ)5 at 5 P. M., and 8.15 at 10 P. M., which isjnst 
at the time that fires are left to themselves. 

132. Btulte ud DrawbMlu of the Tarleu methods of Heating.— Each 
plan of warming preaouts ita special claims to utti>ntion, and vaunts its 
pecoliar benefits, Modifications of every scheme are numerous, and 
still mnltiplying. Aa a reanlt of this inventive activity, there ia a 
grodoal bat certain improvement. The mm of inventors has hitherto 
been mdniy to secnre economical results ; a landable pnrpose, if not 
pursaod at the sacrifice of health. Aa people generally become 
bettor informed respecting the prindples and laws which infinence the 
ooro&rt and well-being of doily life, improvcmeuta will bo demanded 
in this direution alao. Meantime, each method is to be accepted with 
ita imperfections, though we are not to forget that in tiicir working 
rcBulta mnob must depend npon proper and Jadicious management. 
We recapitulate ond oontroat the chief advantages and disadvantnges 
of tlie various mcChods of lieating. Some of the points referred to, 
particnlarly those which relate to ventilation, have not been previ- 
ously noticed, and will ho conwdercd when speaking of mr. 
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ADTiJVAOn OF HOT-AU DISADTAXTAOia OF HOT-AIB 

FURNACES. * FURNACES. 

• Thej are out of the wsj and mt6 qmm Thejare liable to loorch the air— cannot 

—are deanlj— filre but little troable-Hoaaj be eaaOj adapted to heat more or leas spaoe 

afford abundant rentilation— need waste — are liable to leakage of Ibol gasee— and 

imt little h ea t and iraixn the whole hooae. thej dij and parch the air if oopiooa molat- 

• ore ia not supplied. 



ADTANTAOES OF HOT-WATER 
APPARATUS. 

Thej do not bom or aeoreh the air— 
gire excellent yentilation— do not waste 
heat^HUid thej warm the whole honse. 
These remarka do not applj to those which 
heat rooms bj radiation from ooQa of pipe 



DISADTANTAORS OF HOT-WATER 
APPARATUS. 

Thij art ezpenaiTe in first cost— if 
adapted for an ayerage range of tempera- 
tore, thej maj lUl in extreme cold weather 
(as may also ftunaoes)— and may giye a dry 
and parched air if molatue ba not san»Ua4 



PART 8BC0ND 

LIGHT 



I. NATURE OF LIGHT— LAW OF ITS DIFFUSIOK. 

TS2. B«w the ontmrd ud Invird Wsridg CaHMiwIeit*. — We tit at 

the window, and liovo report of the world withoat. That iotelligent 
conscioaHDesa which hoa residence in the charabere of tie braia, holds 
intimate communion with the external aQiverfle, bj means of a com- 
poand BjHtem of telegrophing and dagnerreotyping, as mnch snperior 
in perfection to the devices of art, as the works of tho Moat High 
tranaoend the ichieTementa of man. Wo lift tho cnrtoinB of vision, 
and B thonsand objects, at a tbonsand distances, of nnmberless forms 
and dad in all the colors of beanty, are inatanlaneonsly dgnallod to 
the conBcioDB agent within. Each point of all visililo sarfa^^es darts 
tidings of its existence and place, so that millions upon millions of da- 
eptttcbea which no man caS nnmber, enter the eye each moment A 
landncape of many nqnare leagnes Bonds the myeterions emanation, 
which, entering the camera-box of the eye, daguerreotypes itself upon 
the retina with the fidelity of the Infinite. Fresh chemicals are 
bronght every instant, by tho little arteries, to preserve the sonsitive- 
ness of the nerve-plate, while those that have been nscd and spent, 
are promptly conveyed away by the veins. As improssiona are thiis 
continnoQsIy formed, they are transmitted, perhaps by a tme eleetrio 
agency, along the lino of the optic nerve, to be registered in the brain, 
md plaoed in charge of memory. By tho magic play of these 
wonderful agents and meohanisras, the world withonl is translated 
within, and the thinking and knowing facnity is brought, as it were, 
into immediate contact with the bonndless nniverse. Let ns Inqaira 
ftirther then, into the nature and properties of this liuninona principle^ 
and how we are rtdated to, and affected by it. 

188. Exhilarating AgtacT af Light.— Light is a atimnlus to the ner- 
w ^stetn, and Uirongb that, exerts an inflaence in awakening and 
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■ tfdcbeclng the mind. The norves of eease, the brdn and intel- 

■ iMt, have their perioda of repose and action. The withdrawal of 

■ Ught from the theatre of effort ie the most favorabte oonditioo, ae well 

■ as the genersl signal, for rest ; while ita reappearance atin us again 
Kfo activitj. There is something in darknesa soothing, depressing, 
K qnieling; white light, on the contrarj', excites and arooses. It isconi' 
Eoion toseethiaillcstratedsocially;— *co^lpanyasaelnh^ediaanapa^^- 
L ncut dimly lighted, will he doll, soninoleut and stnpid; bat lot tho 
L loom he brightly illuminated, and the spirita rise, thought is enlivened, 
P and eoDversatioQ proceeds with increased animation. '' Moat deUcate 
li and mysterioos is the relation which our bodies bear to the passing 
I Bghtl How onr feelings, and even onr appearance change with every 
I* dianf^e of the sky I When the sun shines, the blood flows freely, and 
1 tLe BpiritJ) are light and bnoyant. When gloom overspreads the heav- 
f <Ds, diilness and sober thonghta [)OfiaeBs the mind. The energy is 
I greater, the body is actnolly stronger, in the bright light of day, while 
I tlie health is manifestly promoted, dilution hastened, and the color 
I made to play on the cheek, when the rays of gnnshine are allowed 
I Aeely to sport aronnd us." 

I 1S4. ladentCMceiiUMstr Light.— Light is that agent which reveals 
1 the eitemal world to the sense of sight. The ancients believed it to 
I Iw something born with ns — an attribute or appendage of the eye. 
w Tht!j thonght that the rays of light were sot into the organ of vision, 
I and reached or extended away from it, so that we see in the eame man- 
I Ber as n cat feots by the whiskers which grow npon its face, — by a 
I kind of touching or feeling process. 

I ISQ. NcwtM'g View af lb Satire.— Modem science regards light as 
I an agent, or force, originating in luminoos bodies, and flowing away 
I ft«m them conatantly and with great rapidity, in all directions. Bat 
I kowl The hmnan mind is never antisfled with the mere appearances 
I' «f things. It demands a deeper io^ght into theur nature, — on eiplono- 
m tlon of their cunses. The firet scientific attempt to explain the natore 
I of light, and the canse of vision, likened the sense of eight to that 
I <tf smetL We know that to excite the sensation of smell, material 
I particles, emanating from the odorous body,pass through tbe t^ and 
I are brooght into contact with the oUitctorr nerve of the nose. It was 
I Mipposed that light affects the eye as odors do the nose ; that it con- 
f ibta of particles of amazing minuteness, which are shot from the lo- 
I aiinons soorce, and entering the eye, strike directly npon the opHo 
I ^erve, and ihns awaken vision. This was the view of Nawrotf, but 
Ut b DOW oondderod untenable and is generally rqleoted. It ia at ptea- 
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tS HOW LIGHT IS DIFFUSBO. 

ent thought that light is motion ratber tboD matter, end that the eye 
is inflaenced bf a mode of action resembling thnt of the ear rather 
than that of the noso. We omit further reference to thia qneation 
here, oa the analogy will bo mure fully traced whea we come to speak 
of colors (150). 

ISO. LIghtlMMlntCBiltTUlt IsDlffnKd. — The raysof light proceed- 
ing from anj source, a candle for example, spread oat or ditergt, as wo 
notJoe nightly, Aa light thus difiases from its som^e, the aame quao- 
Sty ooCQpiee more and more apace, and it becomes rapidly weaker or 
less intengo. Thia takes place at a rogular rate. Its power -Ucrtata 
from each poiat of emission, in the same proporticia that the spaco 
through which it is diffused increases, exactly as occnrs in the c«se of 
radiant heat; and thia is aa the square of the distance. The light 
which at one foot from a candla occnpios a given space, and Laa a 
given intensity, at two feet is diifaaed through four times the space, 
and has bnt one foarth the intensity ; at three feet it spreads through 
nine times the space, and therefore boa but one-ninth the intensity ; 
following the law of radiant heat, as is shown iu Fig. 21. If we are 
reading at a distance of throe feet from a lamp, by removing the book 
double the quantity of light will f«ll 
upon the page ; and if we oarry 
jt a foot closer, we shall have 
nine timet the amonat of light 
to read by that we did at first. 
This effect, however, rauy be 
modtGed by the light reflected 
back from the walls, and which 
is always more, the whiter they 
are. Whitewashed walls and 
light-colored paper i 
light, or give i1 
waste it. 




than dark walls, which absorb 
187. Betr'BodlM reulvaUie 



PrindpIft^When light f 



upon varioos kinds of matter, they behave toward it very differently. 
Some throw it back (TeJUclioiC) ; some let it pass tlirongh them (traru- 
mtMiuti) ; some swallow it op or oxtinguiah it (aiicrption) ; and some, 
as it were, split it to pieces (deeampoailion). All bodies, according to 
tlieir nature and properties, affect light in one or more of these modes, 
prodncing that infinite variety of appearances which the tmiverae 
presents to the eye. 



FU CFT 
nS^^w iM^M wlnck wiU aot ifinibB S^UpaMtkf^^ 

t portkM of tba, aimitJing t« IW fodt; cf ti« Mffte^ is 

niMBdv an tbnivn bwk jito Oe nafint thram^ 

hiVy »-n» n«raeoa, or nun of the nn,iBalU ngbe- 

139. ne Uw ar lilidii I%Hr-Vka * rv tf ^^ ^" t^ P»^ 
ff peodicnUrlr, or at ri^ aai^ ■*<» & njHlins hiAc^ it ■ llrt»» 
EudkuiexacUjUieniMC*!^ or liBB. If a ^ rig. 9% be s ngr ^^ 

I' Sght £i]Uq( p«rp£ndknkrijr ^oa a nAsctiog Tm. it. 

[■^[rfiwe, it will ba tlirovti back in dM mm* 
t if Uienjbll 190a nch 
I ft HirfaiM ui a HUnting or uUuiiie mcnnB, it 
, (Udms off or is r^ecled. *t exacdj the woe 

■nglo, aa shown bj tba airow& Tba an^ 

of rebotind is equal to Um an^ of atrikiag; 
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sua Axeu of cnuiusoa, tbk KcnaonD sat n ox 1 

i AKB TBS KETLECIKD KAU ABB AU, D TSK aAXK n^UtJl 

I looking-glaaa upon a table, in ■ dark raont. Lei a raf of li^tfi 
I MUriug Uirongii a bole in m windinr diBtar, tfrik* npoa tta i»- 
f ,(0CtiaK Ktrfto^ it will Im thrown off at an eqwl aagt^ and boOt the 
, inddeiit and rejected n^ win be made TiddalP7tkapwtk:lea of dMt 
[ fl^^it***!! ifi tlie rooQL 

140. BawleiMMUBktiiMHUNd^Pardkl njt UBiaf apoa a 
plane ear&oe, are reflected panllel, aa dion in Sig. 3S; bnt «ef*- 

) nting njs &UiDg i^on cocli a avftce are teOeeled dirVRMI^, or 
•ceUered. The beanu of light from a camfie Sig. M direrge bcfora 
blUng npon a mirror ; and aa each aa^ raf makea _^ ^ 

the on^i^ of inctdeaoe equal to that of reSeetioD, it v^-S^., ^ 

I i» dear that the rsji mmt (xmtiuDe to div«r^ when ''■''-''''/^^ 
thcry are reQected, aa in iho dotted lines in tfae — '•■■flai- 
figure. Thos when a bumiag canilJs is placed before a luuking-ghai^ J 
Ita diri-rgin^ rajs stntu the mirror surface, and bi»Dg reflecUd fa T 
iiTergeat Udcb, are digpcraed Ibcoe^ the n 

141. Tte taao la Oh U Mt ^tm. A liigU; polialied ineUliiA 
■uriaoe, called a tjpeeulmn, it the mart perfect reflector. Hirroie, 
or IwkJne-gJaM m it ooudst of glan pUto* coaled with metaL It i> 
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not the glass, in looking-gl 
metullio cuuting behind it. 
a plan 



is, that reflecla tlie light, bnt tha 
jTe [jlnce any illuininated object before 
r, rajB of light pass from oil points of 
its Burface, and convey an image of it to tiie mirror. 
But the polished anrface does not retain the image ; 
it reSucts or throws it back, so that the eye per- 
The light which enters the eye comes 
from the real object, which appears behind the 
glass, because the angle or bend in the ray is not 
recognized. The light &om an object may be re- 
flected many times, and make a great number of short 
turns, bnt it will seem aa if the rays came straight 
from the ol(je<jt, and it will always appear in the 
direction in which the last rejkction eonua to the 
eye. This will canse the image to appear as far 
behind the glass as the object ia before it, aa 
the accompanying diagram (Fig. 35) ehows. A 
perfectly plane surface reflects ob- 
jects in their natural sizea and propor- 
tions; bnt if the form of the reflecting 
surface be altered, made hoUow (mn- 
C3m), or ronnded (cencar), they canse 
tha image to appear larger or smaller 
than the olgects; or the image is dis- 
torted in various ways, according to 
tbe figare of the surface. We see tliis 
iMttjt CDuatastly iliastrated in the imagea of 
V vi . .V the face, formed by the bright metallic 
luoiiDg-gmes, surfaces of domestic ntensUs. 

142. A perfMt Reltctliig SnrhMe woaM ke Iivblble^If the snrface 
of au opoqno body could be perfectly polished, it would perfectly 
reflect ail oljects placed before it, bo that the images would appear aa 
bright aa the realities; but, in such a case, the reflecting surface 
would be %t*elf invuiblc, and an observer looking at it conjd see 
notliing but reflected imagea. If a large looting^lass, with such a 
surface, were placed at the side of a. room, it would look like an 
opening into another room precisely arailar, and an observer would 
B prevented from attempting to walk through sach an apparent 
opening, by meeting his imago as he approached it. If the eurfooea 
of all bodies had this properly of reflecting light, they wonld be 
Invisible, utd nothing wdd be eeen bnt tbe light^ or aonioee of illnmi 
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OAtion, and tlietr multiplied images. Upon the csrtL's surface 
would be TJsibio bat the reflected images of the sun and stara, 
a room, notbiug except the gpeetres of the artificial liglita, throwQ 
bock by one nuirersal lookiiig-glasa. But perfect polish is iiapossible ; 
there are no HQrIacos which in this manner reflect all tho light. 

143. ■■ wbat nuBBu Light sakM tUcda 11ilMer-It is b; reflecUi 
light that uearl; every object is e«eD. No iorfncea are perfectly flat; 
they may uppcor so, bat, when closely examined, thej are fonnd to 
oonsist of an infinite number of mionte planes, inclined to each otlier 
at all possible angles, and therefore, receiving and reSecting the light 
In all possible directions. If a ray is let into a dark room, and falla 
upon a bright metallic aorfacei, a brilliant g[iot of light will be ieea 
from ccrtiun points, but the reflecting sorface will be almost invisible 
in other Erections, and the room will remain dark. If^ now, a sheet 
of white paper be satetitnted for tlie mirror, it can be seen in all 
directions, and will slightly illuminate the apartment. The sariaoe 
of tho paper scatters the light every way, producing an iTregulm 
reflection. It is tJiis scattered and diffused tight which mokes the 
surfacee of objects Tisible. Thus light irregularly reflected exhibits to 
□B Teal ohjeeU, while light regnlarly reflected discloses only tewhlaMtt 
anil imagtt. We see the image in u looking-glass, by light regularly 
reflected; we see thesurfocoof the glass itself, by the l^ht scattered 
by the niinute inequalities of its sorfaee. This irregularly reflected 
liglit diverges from each point of every visible surface in all direa- 
t'lOTit, so that the object may he soon from whatever point of view we 
look at it, provided other light does sot interfere (144). It fallows 
the law of radiation, that is, it floirs from each point as a focos, hat 
it does not conform to the principle of regnlor reflection, which hu 
just been noticed, Thi dirtction of Qie reJlKted ray* it indepeitdent 
qf each qf thtinoidmt ray*. ,In this manner hgbt ia radiated from 
sorfaee to sur&oe, so tiiat in the immediate absence of any original 
Iniiiinoua fonntain, there is a reverberation of liglit from oltjcct to 
objeut, through an endless series of reflections, so that we ban 
general and ej^nal illnmiuation. 

144. OaaagemU at Ugkt U luuglag PUfons,— The foregoing prin- 
ciples are variously ajiplicablc ; hanging pictures upon the walls ol 
rooms may be taken as an illustration. As it ia irregnlorly reflected 
light that reveals to as the picture, it should be bo placed that from 
tlie most natural point of observation that light reaches the eye, and 
Dot regularly reflected light. If the light fall dj>od a picture from a 

^ . Jfitulow on one iddo of il, and we stand npon the otb 



>ce notliisg ^^H 
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BBLATION OF PICTUEES TO LtQIIT. 

36), tbe 070 is SUed with the glare of tho regolarljr 1 
refleotod light, while the i)icture itself can hardly I 
be eeeo. In such a case, the trae position 1 
obaerrer b perpenJicnlarto the plane of the pictnm I 
as at o in the figure. As pictures are ofte 
ponded higher than the e;e, they reqnire to bft ] 
inclined forward, and the dcgres of tlieir iunlinatiOB m 
ahould depend npon their height and the distanw J 
Wikdtm "^ ^^ point nt which they may be best observed, k 
They should be inclined until the line of via 
pwpandicnlar to the verticfll plane of the picture. With the eye at if 
■nd the picture at h (Fig. 2T), its proper inclinarton would be t 

,.1^ jj but if it were elevated to d, it should \ 

fall forward to e. We will further v 
mark that pictures ebotdd be placed M \ 
nearly aa possible in the same relatiw \ 
to light aa when they were painted; 
Uiat is, if the Bhadows fall to the right, J 
tlie illumination should oouie from the J 
left to produce harmouioua effects. 

lis. Light Kttlcred bf the Atauapberat 1 
— By this kind of irregular reflection, \ 
the atmosphere diffuses and disperses 1 
the light, — each particle of oir scti 
a luminous centre, radiates light in overy j 
direction. If it were not for this, the sun's light would only enter *, 
those spaoos which are directly open to bis ray!>, so that, shiDin; 
through the window of an apartment, that portion only where the 
beams passed would be enlightened, and tho rest of the room wonid 
remdn totally dark. This secondary radiation occasions tlio mild and 
softened light which we experience when tho heavens are screened 
with clouds, instead of the intense and often paiofnl glare of n clond- 
lesa summer day. In the same manner the atmospheric particles 
scatter the rays and diSiijie a subdued illuminatioa nt morning and 
ovening twilight, while the son is below the horiam. 

HL— TRAKSMISSIOS AA'D REFBACTION OP LIGHT. 

110, When light falls npon transparent objects, a? air, water, glaaa, 

it passes through or is said to be trantmitUd. Bodies vary greatly 

in this power of passing the light, or IraMpnrerwy. The metals ore 

least tnWjpareDt, or most opaqae, yet they are not entirdv bo ; this , 






gold leaf, for euniple, transmits a grecoish light. Nor are there an 
bodios ntiii'h transmit all the light ; the most tTBOspareat iloUin o 
ftbM>rb a part of it. A ooiwdorable (xntion of the sun's light is alf 
(orbed in the titmosphere; it does not reach the eurth; aad it 1im 
been calculated that if the Btmotpheiio OMon were 700 miles i]e«p, the 
Bolur light 'n'ould not paas tjiroogh it, and the earth would be iu dark- 
aa». The purest water of a depth of seven feet, absorbs one half tlie 
light which falls agiOD it, and of 700 feet deptli, eiUngniahes it. 

147. FndDi* or KrfrudH V Uc Kajs-— When light psoM from 

one ^ubslBnc(^ to another of a different deoaitj, as froni air to water, 

it is liable to bw turned oat of its itraight conrse. If it pass bvm one 

_ medioin to another in a line perpendicular to Its enr&ce, as a 6 (Fig- 

Via m ^^^' '* ^^ ""'■ ^ ^"erted ; hot if it fiiU at an angle, 

\f Ba at « 'I, it will not oontinno BtraigLt to d, but will be 

as it were broken or rtfraeted and proceed to e. If 
■M^^^^B the refracting medium have parallel snrfocea, the rqr 
^^^^^^B oa leaving it is again bent back to its ori^ual conraa, 
BH^P^H OB is shown in the figare. For this reason common 
\ window panes, which consist of pktea of glass with 
V > parallel sorCaces, onless ihej contain flaws, prodoce no 
distortioD in the appearance of the objects seen throu^ tliem. When 
light poisses obliquely from a rarer to a denser medium, oa from air to 
wat«r, it is toroed tmeard a perpendicolar ; when ttoia a denser Co a 
rarer medium, as from water or glass to tir, it is tameiiyrMn a per- 
penilicutw, OS shown in Fig. 28. 
" lis! n»w RefraeUan naj be sbown.— A stick, with half its length 
placed oLiIiqnely in water, appears bent at the surface ; this is bccnnw 
the raga are bent, bo that those which come from that portion of the 
stick which is in the water, show it in a fulae plaoe. Put a ixiin 
ooj opaqoe dish upon a table, and step book, imtU the edge of Uift 
Teasel jnst hides it from view. Now, if water be carefidly poorcd la^ I 
without disturbing iu portion, the coin will become viable (Fig, aO)|, I 
the raf s of light coming from it, which bofora^ I 
pasaed above the ejes of the observer, ot^-l 
now, OS the; come into the air, bent dowa-_<I 
vatij)vm Che perpeadumlar. Bodice pussew I 
different degrees of retractive power. When f 
re look through n mass of water, as in a pond. \ 
T stream, the rajs are so alt«red that it 
appears only thr^e-qnarlers as deep i» it reoUy 
0x03 of drowning lutve happened throagh ignorance of this 
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WAVE THEOKY OF UOHT. 

illaaion. The degree to which any substance bends the light from ito ' 
Btraight oonrse is called its indsz <ff Te/raction. Each transparen* ' 
body has its reacting index, which is one of the properties by whidi ' 
it may be known. 

119. ESM «r LcBHi Bpon Uebt— This power which bodioa hare, of ■ | 
rw. so. Tio. 31. bending liglit from its straight oonree, 

is employed when we doaire to gather 
it to a point or foou^ or to concentrate 
it; or when it is wiabed to disperae and 
diffuse it. Pieces of glass, cnt or gronnd 
into varioQs shapes, are commonly used 
for this purpose, and are called lenses. 
A piano convei lens (Fig. 80), or a 
double convex lens (Fig. 81), collect 
the rays of light; while a plane-con- 
lens (Fig. 82), or a double-ooncaTe 
lens (Fig. 83), Hppnrate tliem, or spread 
them out into a greater space. Com- 
ipeotacte glasses are ezauples of 
these forms of leosea (348). 




IV. THEORY OF LIGHT— WAVE MOVEMENTS IN NATURE. 

150. Light MtBtatUr bat BoUan. — Thus far we have considered light d 
IS if it were simple, without inquiring if it ho really ao, or compounded 4| 
of different elements. ITicra is another way in which the objccis of 
nature receive and dispose of it, which brings us to the qnestion of 
wmpotititnt, and the sabject of color. But what is color i and what 
is- light, injiataro and essence? X)r what opinion has been formed of it, 
by those who hare thought upon the subject most deeply? In il» 
canso and mode of movement, light is believed to resemble sonnd ; 

is propagated, not by moving particles of matter, but by impulses iJ 
of motiou, which progress nnaccompanied by any material substancMr A 

u note how wave-motions take place, and the known e 
their occnrrenca in natnre, 

SI. VUMe Wave IvUms li Nature.— If we fasten one end of a cord, « 
and holding the other strained tight, move the hand sharply up and 
down, or from side lo side, tnaret will be formed, which proceed along 
the string. The real motion, in this csao, is at right angles to the di- 

an of the string, th« appaitnt motion is Ibrwsrd. The particUs 
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eompoang the oord make eicarrioni riglit and left, or up muJ dows, 
which gives rise b> forward wafMrapolses. All hare nutieed what 
takes place ia a field of graia when the wind bluin. A aofoenian of 

Bg appear to pass over the field ; bat it is not the grun that atavtm 
oloug over the ground ; everj etaUk keeps its {Jace, and only bows iti 
head. Yet wave-motiona are seen to flow mcceaRrelr forward. If 
« toss a atone into perfectly atill water, the mt&ce wiD be thmwn 
into agitation, and waves will paaa rapidly from the point where it 
Btmck, oatwar^ in all directiona. The water in thia case doea not 
move forward any more than the gndn did. This i» proved by the 
drconistanoe that any objects which mo; be Been fioating upon tlw 

er are not carried along bj tlie advancing waves, bat only mov* 
up and down in their places. Thne^ panicles of water, moving verti 
eally, cause wavc-motioDs to travel horUontallg. 

152. SeiMl the RfiH af Witm la tbe Ur. — Air is the medimn whick 
conveys sonnd to the ear. If a bell be rang in a vacaum, we cannot 
hear it. The ur in some way transmite or convcye the soand from 
point to point. How is it donel There is no passage of air-particles, 
o cureot or breoKO moving Irom the sounding body to the ear; the 
atmospheric medinm l9 thrown into vibratory motion, and it Is ur- 

'cs only which move forward. Wo all know that sonorous bodiea 
vibrato when stmck, and that sonnd results. A hnrp^^ring, when 
Btrack by the fingera, swings rapidly boukwerd and forward for a 

ain lime, produdng a aonnd aa long as the vibration lasts. A 
piece of steel wire, or a pin held between the teeth, utters a sound 

iflcn as the free end is inflected. By touching the teetli with th« 
prongs of an excited taning-fork, we can /mI the vibrations. Bound 
is thne not only motion, but it is vtbtatori/ motion, and ita tranamisalon 
to the ear is due to the flight of air-wavca, which, sfcriking ag^nst th« 
■nilitory dram, oummonicate MDsationsof sound to the brun throngi.- 
Ihe anditory nerve. 

158. Vf» «kat tbe dICciMMs ef Seaad l^eod^If sounds are thu 
caused by vibrations, it would seem tbat tbe quality of sound should 
depend npnn the quality of the vibrations; wiiii'h Is tlie foet. The 
first distinution among sounds is into high and low, or acute and 
grave; it is a difference of piteh. Slow vibrations produce grav* 
sounds of a low pitch. In the case of atrings, for example, the larger 
they are the heavier they are, and the looser they ore the slower ar* 
their vilirations, and the deeper are their sounds; while, on the other 
band, tlie shorter, lighter, and tighter they are tlie quicker are their 
vibrations, and the higher and sharper the sounds they give. Eocf 
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sound, thwefnre, tliat cnn be made, is the roault of a certwn n 
of air vibraUona, and to that piuh of soond always belongs tl 
bor. &i,VAiii contrived a macbiue by irliick the nnmberof puUatioD 
wbicb belong to each tone boa been determined by actnol experinieut, 
A thin plate of metal woa etrnck by each tooth of a reyolring cogged 
wheel, the motion of which was easily measored. In thi« vaj he de- 
termined the eiact nmnber of vibrationa in the tones fbrmiug tba^. 
Doatd musical s< 

151. HaruoBlt RallM of the Hultal Scaler -It was found, esperimei] 
tally, that the orchestra pitch note A, of the treble clefT, is prodnc 
by B63 vlbratioDs per secood. The nuaber of polsations in each n< 
of the octave is as follows ; 
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It will be seen that in the highest note of this scBle there are Jtulr<<J 
twice aa many vibrations ss in the lowest; the interval which Ui^ 
comprise is called an oetatie. The difference between the number of 
pnlaationa in any note, and the same note in ttie oclave above, is oa I to 3. 
nence, by hnlviiig the nnmbora of any scale we obtain the nnmerical 
valne of the octave below; while by donbling them we have the 
number of vibrations made by the notes in the scale above. Tlie 
lowest note of a seven octave piano is made by 32 vibrations in aseo- 
ond, and the highest by 7,68D. Two tones having exactly the same 
number of vibrufions are said to bo in unUan. When their nunibem 
are not the same, but are in some simple relatioo, a coneord is pro- 
dnoed. If one has twice os many as tlie other an octane reaulia, which 
is the most pleaidng of all concords. The simpler the nnmerical ratio 
between tlie vibrations which generate a aonnd, or the lur-waves 
wliioh reach the ear, the more perfect and sweet the ooncurd. When 
the diSeronco is such that the pfojiorl'wn cannot readily be recognized 
by the ear, dUetird is the result. The whole phenomena of music thw' | 
FMolve themselves ioto cerl^io harmonious numerical ratios a 
air-wavea, by which impressions ore prodnced in a curtain e: 
upon a mathomatioally oonaUtated organ — th« brain. 
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musiu are tlius duo to lueasnred FOve movemeiiU in the air, it 
lliought also tlmt light haa a eimilsr origin. This view asBajoea, ihai 
throughout the oniTene there exists a sobtje, all-pervading and in- 
finite! j elastic ttAer, and that vision ia the reaolt of Tibradona or wave 
muTemente sect through this ether, from the eonrce of ligbt to the 
nerve of the eje; and aa different ninsical sounds are prodnced by 
Tarying rates of vibration in the air, so it is suspected that different 
oolura are due to the didureut rates of vibration in the Inmiuoos ether, 
and philosophers have gone so far as even to measnre the wave-lengths 
of the different elements of light. By wave-length is meant the dis- 
tance from the top or crest of one wave to that of the next ; and it 
Is inferred from certain intereetiDg experiments made by Nrwto!i, that 
the length of waves, although exceedingly small, differs in the different 
oolora, red being lai^est and violet smallest. In an inch length of a 
ray of red light there are 87,ft4a vibrations; in an inch of yellow 
light, 41,000 ; and in on inch of Uio violet ray, S9,T56. If the minUe- 
ocss of the wave excite surprise, it may be replied that this is by no 
moans the strongest iUustniEioa of the smallnes of the scale upon 
which nature's works are onen constructed. Indeed, in this cose it 
Las been even ontatripped by art U. Nobest, of France, has mled 
linos npoD glass, for microscopical test-puTpose«, but the ttiw of an 
Inch apart* 

16d. TlkntteBi per hc«wI af tke tanlBNt Ettcr,— But the demon- 
strations of science carry ns iulo far profoundor regions of wonder. 
The speed of ligbt has been measured; the velocity with which it 
IDOVM is in ronud nombera 200,000 miles per second. Tliat is, when 
we look at acy thing, an agent or furoe sent from the lUuminated body 
Mreiims into the eye at the rate of 200,000 miles in a second. Know- 
fng the rato at which light movee, and the nnmber of waves in mi 
Innh for any particular color, it is easy to ascertain the number of 
Til>rations mode by each in a second. In two himdred thonsand miles 
there are a thousand milliona of feet, and, therefore, twelve thousand 
miUions of inches. In each of Lliose inches there are forty thousand 
waves of red light. In the whole length of the red ray, tliereforo, 
th(>re are four hundred and eighty millions of luillions of waves. 
Now OS this ray enters the eye in one second, and the retina 
pulsates once for each of these waves, we arrive at the astonishing 
oondusiou, that where ire behold a red ol^ect the membraoo of the 
«yB trembles at the rate of /our hundred and tighty miUiont ^mit- 
Umt qf time* between every two ticks of a common clock. Of yellow 
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light five hnndred and thirty-fire miltioni of millioriB of waves ont«r 
tho eye, -and beat agunat the nerve of TiBion in the Hixtieth part of a 
minotc ; " if a single second of time be divided into & million of equal 
parts, a wave of violet light tremblea or pnlsalca in that inaonceivably 
short interval seven bnndred and twonty-seven millions of times." 
Vision is undoubtedly the result of sometliing done wiihin the eye, 
tbo efTcot of an active eiternal ageot^ and the reaction of the mochaii- 
Ism; the chemical constituents of nervous matter, — perhaps tho atoms 
of carbon or phoBphoros ore in some way changed or inflaenced by 
nerve impolaes in infinitely rapid sncceasion, the sensations of rision 
and color t)eing the consequence. If it l>e objected that the foregoing 
statements are incredible, we reply that the; are generally accepted 
by the most sober and cautious scientific thinkers. Bat they are really 
no more strange or impossible than many other of the miracles of being 
which science is constantly unfolding around ns. We should observe 
B dee modesty in cri.tici«ng and assigning limits to the w-onders and 
perfections of God's works. Dismissing the more jmrely theoretic or 
explanatory aspect of the subject, tre now proceed to notice those 
properties and relations of colors which ore the result of actual ex- 
amination. 

V.-COMP03mOIl AND KDTUAL INFLUENCE OF COLORS. J 

167. WUtoUgmakmUp l BM. If a ray of common white light ' 
be admitted, through a small aperture, into a dark room, and be mode 
to strike upon a triangnlor piece 
of glass {]>rum), the white ray 
, disappears ; it is turned from its 
_ course, and there falls ujM>n the 
oppo^te wall an oblong colored 
image called tlie miar ipeetrum. 
It conidats of eeveu bright colors, 
always found in a certain order, 
,^08 ahown in Fig. 34; hot thcj 
prunuiie ™ioi», pass into each other gradmdly, so 

that it is di£BciiIt to tell where one ceases and another t>egins. New- 
TOH assnmeil, as the result of this experiment, that white light is a 
oomponnd principle, consisting of these seven colors, which ho called 
primary^ and tuoght that all other colors whatever ore the result •/ 
vorions comniiitoreB of these. For convenience of repr«entiug the 
ralatioBi of oolore, we ma; represent whit« light hj a drole^ and the 
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colon which compose it hj divisions of the enclosed space. In tlial ] 
case the seven pHmtLriea of Newton will be Htiown as in Fig, SS. 
1C8. NeirMa'i npliuUan of C«I«Ntf SarrHca. 

—White light ftiUa opon ohjouta, and they np- 

lOiu' colored : how is this i Newton replied : 

Dodios tiiiye not onlj the power of reflactioK 
and transmitting light, hut thej ^an also de- 
compose and absorb it. A hod; appears , 
white hecaose it reflects hack to the eye the 
white light that fiiUs upon it, unaltered. W}ion* 
white light faUa npon a earface and it appears 
llack, it is abivrhed and lust in the snhatauce, 

(Uid therefore does not return to malic an impreeeion opon the ej«. 
But the blackcet aurfacea do not reatlj absorh all the light, for then 
thej woald be inTisiblo, and appear like dark cavities, presenting no 
cnrface. If the surface appears colored, it is b^caose the wliite light 
is split up, or decomposed, one part being absorbed and lost, while 
the other is refleoted to the eje, so that the object appears of the re- 
flected color. For example, grass absorbs all colors but green, which 
it reflects to the e,ve ; and in the same wa; the sky absorbs all but 
blue, and reflects that to the eye. Different surfaces reficct the pri- i 
■nary colors mixed in all manner of ways, and hence the endlen 
modifications of color that meet the eye. 

169. Bat thTM PHmar; CMn. — A more simplified view of the c 
positioa of colors has been proponnded by Sir D. Bi:bw8tkb, and 
generally receivod. Ho considers 
that instead of seven, there are 
but three elementary colors, red, 
yellow, and blue, and that the 
others are compounds of these. 
Wo cannot prodnco rod, yellow, 
or blue, by the mixinre of any 
other colors ; hut we can pro- 
duce all others by the various com- 
binallous Of Uiese three. Biutws- 
Tsn muntains, that even the ootora 
of the spectrum are not absolutely 
pnro, but tliat each of the three 

eiidts' throoghont ita whole eatetit, although greatly in ezMas a1 
different points where they are visible. Bine, yellow and «d beinf 
"rimaries, violet, iudigo, green and orirnge are secondaries derived 
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from Aem. The Beporatioa of Ute impore or componnd colors tron i 
the spectrum, leaving Uie three &om which i 
they are derived, is iilnstroted in Tig. 86. J 
OriLoge ia derived from the mtituro of Ttim 
&nd joBow; green from yellow aatl bine; 
and indigo and viulct from blue aod red. 

hftfe white light at Inst oomiioaaif 
only of the three colors, as represented i 
Fig. 87. 

IGO. Wbjrt ire CMiplettoiitarf Colors.— The cOcct of a colored su-Iiu*] 
is to decompose tho white light which tails upon it, reHectiug a 
portion, and absorbing or oxtiuguishing the rest. We do not see k 

F.a. S8. Fro. M. <:o]oTed surface, eicept 

by the seperatioo of the 
light which falls npon it 
into two colored parts, 
tbeoDQvifiible, the^ther 
absorbed. Now it is evi- 
dent that the rays ab- 
sorbed, added to those 
which are reflcctcd,mBka 
up the ordinary light. 
Uenoe^ whatever be the color reflected, that which is not reflected, 
and which is, therefore, wanting to complete the fnll set of colors which 
p.n ,„ p,„ „ form white, and make 

ont the full complement, 
ia called the cample- 
nwnfary color. Thopart 
sbBorhed, or which does 
nut appear, is the com- 
pleinentoty of the color 
seen. Thismaybomade 
perfectly clear by the 
olrcniar diagram. IT we 
lOok, for example, npoii a red snrfaoc snpposed to be preaonted in 
Pig. 88, yellow and bine are seen to bo the colors necessary to oom- 
plate it lo while ; they are therefore the complement o{ red 
yellow and bine form green, as shown in Fig. 80, which ia tlierefuPB 
tho true oomplcmentof red, that wldcli it lacks to maJie white. If 
look upon a yellow aorfooe (Fig. 10), bine and red ore defldent 
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i^ia, we look Qpon 
btae (Fig. 43) ; red aad 
^•lIovT Are reqnilvd to 
DOmplete th« circle into 
-whiteness ; bnt red and 
yellow nuke oran^, 
Utorofore onuigo is tlm 
oomploment of bine, as 
b shown in Fig. 43. 

ISl. "nit aai SkriM, Tmm ud SmIh.— Tlioew tenos have formcrlr 
been eroplojod in the most loose and indefinite way \ Qi«; Ii&tiN bow- 
«Tcr, DOW aoqoired a kind of sci«ntttla preci^un. Tlie tones of a color 
artt thoM up«ota which it presents when olloru'l frum its tnasimnin 
of brightneM or highest tDtenidtf, b; mixing with it either whit« or 
blsck : if we take the parcst and brightest rod r9 a standard, saj car- 
mine, and mingle vorioos proportions of blndt with it, we of coarse 
darken it and gut deeper Uiava of red. If we miuglo white with it, 
I lighten it and gat lighter tones of red. By the addition of black 
be traded, hj the addition of wliite it is Uutait, 
Each oolor, in this caaa, ia a tone of red, and the whole »erii>a of lonea 
constitute a teaU — tho red teaU. It may consist of ten, twenty, or 
fifty tones, acourding to the qnantities of black and white sneoessiwly 
added. Id the earns munner we make tones of orange and get as 
orange sc&lc, tonee of blue and got a blae scale, and so carh mI^t Ad* 
iU tah, in which it moves In two dirortions, fh>m its normal or 
standard point, towards black and towards while, 

163. Wkat are Hm* T — A. hne is the rcsnlt of the movenient of b 
eolor, not in the direction of black or white, hot of some other color 
out o/iu Kat». If a little bine be mingled with red so as to obang« 
it slightly, the red atiU pr^lonunating, a hue iff red is produced. Bo 
If bine bo tinged in a similar maojicr by any color, hoos of lilue ro* 
■ult. In the soma way ore produced hnes of orange, jelluw, vioIet| 
preen, &<i. 

163. Clieireirii stiwae (iw ibowiag Uw rcUDen ef C«len.~A plan hi*. 
boon BQggestcd by M. Cii^trbpl, of France, fur repreeenting tho com-' 
position and relations of (uilors, in an extremely simple and effectlrv 
way. It clears tho inist from tho snbjeot, and not only discloKS it ia. 
a beautiful order, hut Is ver^ volnablo for pradicaJ pnrposee. It if 
reprceuntod by the itiugrani (Fig. 44}. The outer cirdo repreaonti 
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black, the centre white. The radial iioea patsing &oin tJie ceotre to I 
tljo circumference represent scales of color, each dot indicating a tonw I 
EucL stiolo ooniprtaes btn tones. Take the red acale fur eiumple. TbS 1 
larger dot at A reprcseoU the place of its normal, or tjpo of the pnrert j 
red; from that point toward the oircumferenc« it is shaded down tv ] 
black, and in the other direction it is tinted ap to white. The ai 
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with jollow; its normal ia at a, and that of bine at r. From these thres^' J 
primaries atl the iwat are derived. Midway between yellow and bine W I 
the settle of green, which resnlta from their combination in eqnal pro^ I 
portions, half bine and half yellow. Midway between green and bin* I 
U a scale tliat we might call a greenish bine. It ia only one>{]uart<^ I 
of the distance ftom bloe to yellow, and therefore is tbree-qnart«T1f I 
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blae, and one-qtuirter ytHow, — ■ bne ot Uii& %■«• or 
represents proportions of eolor. It wUl b* 
altered in two ways, that ia, may 

•cales, bjr ailmiitnre with vhite or black, prodndng (mmij and vhI of 
tbetr ctalee, in the direction of the cirdu, pradiMiBg ktu$. Tbe £*- 
grain repreaeats tweJre Males, with tea toow en cmIi Kda, (iriBf 
an arran^Kment of 120 colon, each having a definite, bunrn eanp(K 
■ilaoiu With 24 Kslee, and 24 tones OD each acal^ we •hoaU have > 
scheme of 576 colors. 

164. MaUmg a Out wtlb lie nal falwi rtfl instnctiTe eierdM m 
to prodace scch a ohromatio chart with the actnal colors. Hake « 
circle upon paper a foot jn diameter, dedgned finr twelre scalea of ten 
or twelve tones. From a box of paints select carmine for the nonnal 
red, gamboge for the normal yellow, and Prassian blue for the normal 
blue. B; raixiDg the bine and red with a pencil bnuh in eqoal pro- 
portions, the Tiolet is prodnoed, and by varying the proportions all 
the haes between bine and red are obtuced. Br mixing blae and 
yellow, green, greeniBh-yellow and jellowiah-green are made; and by 
miDgling red and yellow, orange, orange-yellow and yellow-orange 
are made. Thos all the hnes are obtained. By minng each with 
black and wbite, increarang the proportion of black regnlarlj as yon 
proceed ontworda, and white as yon go inwards, the scales will be 
formed. Familiar colors wonld at once locate themselves Qpnn such 
B chart, so that we ehonld nnderslond their exact composition. For 
example, the orimson will be foaod neai' the red, bnt in the dirMtiOB 
of bine, that is, it is red slightly blned, while scarlet is red, moved 
slightly in the opposite direction, toward yellow. Bo indigo is bins 
just started toward red. 

lOG.— Bsw thelMagraH aksvi CsapleacatarT Cslata. — We determine 
the eomplementary of any color in ft raomenl, by a ^anoe at the sys- 
tem of circles. For eianple. we want the complementary color of 
red ; this is^urmed by the union of blue and yellow, prodncing green. 
Green, therefore, which is the complement of red, is placed exactly 
opposite to it on the diagram. So, opposite blue we see its comply 
meat orange, and opposite yellow, violet, which is ill complement, and 
also the contrary ; the complement of green is red ; of orange, blnej 
of violet, yellow. So of all the scales, no matter bow many are 
formed, their complements are seen on exactly opposite lines of the 
circle. The complement of red-orange is observed to be blue* 
green ; of a reddish -violet, it is greenish-yellow, and so on ronnd Om 
whole circle. We may even say that tlie complement of black is 
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wliiUi, and of while, black, — of a deep lone on ono mia, it will be A 
light tone on the otber. Thna the conipleraeDtary color of a deep 
tone of green will be a cori'eapondingly light tone of rod ; of a light 
tODB of violet, it will be a deep tone of yellow. By meana of the dia- 
gram, therefore, the complementary of nnj of the one hundred and 
twenty colors can be fonnd by any one in an instant ; a &ot of iuqcIl 
praoUoal tmportnnce, as we shall soon hare ocoosion to see. 

180.-— WkM b mttxt bj tMKfltmtaUrj Coiitrut,~By a glance at tM 
diagram it will be seen that the complementary of any color is iU 
exact oppoMte. It is the color which diifers from it the most possi- 
ble ; therefore it is in strongest eontrmt to it. Complementary colors 
are, hence, contrasted colors, and their relation is commonly indicated 
by the term eomplemtntary contrait. 

1G7. LulIoou and »Bkre Giriani — It will be noticed that the three 
Doratala (Fig. 44) of red, yellow, and bine (represented by the larger 
dote), are not oil located at eqnal distances from the circnmfercnoe 
or centre. The reason of this is obt-ions. Yellow is a light, and blue 
a dark color. The natural position of yellow, therefore, at its height 
of intensi^, is nearer to the white than Ui the black, and the natnr^ 
pomtion of bright bine is mnob nearer to the black than to the white, 
white red is intermediate. For this reason it requires more tones to 
shade yellow down to block than it docs blue, and more also to tint 
blue np to white than it docs yellow. Oolors are thns diviuble into 
hcminoiu and tomS™. Those into which yellow enters most largely, 
belong to the first class, and those consisting mainly of bine, to til* 
second, red forming a medium color. 

168. Crap and Brawu; Pnn a>d Br^en Ctien. — Graya resnlt front 
the simple mixture of black and wiiite. Browns are the result of 
mixing block wilh the vorioos colors. The deeper tonea of all the 
scales upon the diagram are browns, A color whioh has no black in 
it is said to be pure, while the addition of black produces a hroien 
color. The browns are therefore all broken colors. A color may ha 
broken, howerer, witlioat directly adding black ; the three primaries 
mixed in certain proporfions produce this effect. If a little blue, for 
example, be added to orange, it neutralizes a portion of the yeUoi[ 
Hid red, breaking the color and starting it towards black. , 

16S. Ke Cehin pwfeetlT par*. — We must guard against the error ot 
mipposing that in practice we meet with any such thing as a pnre or 
perfect color. Even tliose of the spectrum or rainbow ore not pe^^ 
feet ; Bkbwsteb has shown that the Tory brightest is oontamioated by 
othera. Bnt when we leare the apectmni, and begin to dea l with flit; 
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eommoner aspects of colors, pomts, Ayee, &o., Qicir iin perfections be- 
eoma much more obvioiiB. Wa &re to regard a red Bnr&c« as reflect- 
ing to the eyo, not a simple mid perfect red, bat along with the red a 
certun portion of the other («lors of the epectnira, which have llie 
effect of weakening and lowering the red. The true statement is, that 
the sensation of red is the rcsnlt onlj of tbe prtdominanet of that 
color. It ia the eomo nith all the colors we see ; others are more or 
less mixeS with them, which impair their brightness. 

170. Bav Cotofi mtuU; laiproTe tuh Mbcr.— The action of colors 
npon each other is not a nuitter of hap-bazard, and olthoagh it woa 
long inexplicalile, and half snspected to be a field irhero natnre ca- 
priciously refosed to be cnrbed by mlea, yet science baa at length dis- 
covered the reign of law in tbo domain of colors. Borne combinations 
ol colors ore pleasing to the eye, and otliere disagroeable ; some are 
harmonious, and others discordant The harmonics of color are of 
Kverol Idiids, bat the fimdameatal and most important one ia the liar- 
nony of Mp^Utnanlar]/ eontrait. If a porobaser be shown eaccos- 
dvcly a dozen pieces of brigbt-red cloth by a shopkeeper, those last 
Ken will be declared much inferior in intensity of color to the firat, 
inch being the actual appearance which they present to the purchaser^ 
eye. U now the bnyer's attention be directed by the merchant to 
green stuffs, they will appear extremely bright, QunatarBlly so ; and 
if the eyo recur again to the reds, they will look niaeh finer than 
before. Bod and green Tiewed in this way have the matnal effect of 
improving each other. It is the same if the two colora be placed side 
by ade and obsenod t^^thcr ; they will so heighten each other's in- 
tensity as to appear much brighter and pnrer than when tboy are 
Tiuwed separately, that is, when tbe eye cannot be directed from one 
to the other. If now we take yellow and violet, or blae and orange, 
or violet-red and ycUow-grcen, and observe them in the some manner, 
we shall get the some reanlt; their brilliancy and clearoess wiUbe 
mntually heigbtenod. Bnt these colors are oomplomontaries of each 
other ; complementariea tlien, whoa viewed together, improve each 
ether. They arc tbe most opposite or contrasted, and therefore the 
pleasing vficot they prodnce ttpon the eye is denominated Harmony 'if 
Complementary Contrail. These efllbcta are experimental tkcts which 
may bo verified by any one. Taka six olronlar pieces of paper, say 
an inch and a half in diameter, and color them respectively red, orange, 
yellow, bine, green, and violet Pkoe eaoh one separately on a sheet 
of white paper, and tlien, with a thin wash of color, tint the white 
pttp«^ around each drole with Its oomplementary color, gradually 
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weaker and weaker aa the tint recedes from the colored circle. 
now the red circle be placed opon the sheet that is colored Breen, It | 
will be made to appear greener; bo if the green circle be placed np<i 
the reddened sheet, the latter color will be at onoe brightened. It wlK.I 
be found upon trial, that each color when viewed with ita comjd^ F 
men tory, increases its intenffltjoc improves it. We gt^bjsncheipantl 
iments two kinds of resnjt ; first, a tiuxe»iite change where one calar,fl 
ia viewed after another ; and, second, a rimullaneoux change wIm 
both colors are seen at once and together. Both these effects reqoirti^V 
to be explained, and first of twcatine contnut. 

171. Celtrs eiert u IsBienM ■p«B the EfC — Colors appear to eiU. 1 
npon the sitrfacas of external objects, but we most not forget thrt I 
tlieir real seat is in the e;e itself; that ia, external bodiee so modi^. 1 
-the light, that it produces within the eye diOerent efieota, which w* J 
Dame colors. Oolors are seneations, or nerve-impressions, the ri 
t>f something accomplished within the optic organism. Thus we 
snow is white, and blood is red ; meaning tborebj that snow so inflo- J 
enoes the light, that it originates within tlie organ of vision a 
tionol effect which we Bt<rle white; while blood so modifier the light il 
(ailing apon the nerve of the e;e as to cause the perception of reA, 
ha color thns finally resolves itself into di£'erent mode* of affecting 
the eye, we might naturally expect that both the agent and its organ 
would react npon each other, — colors producing changes in the eye, 
and the eye producing changes in colors, more or leas considerable, 
according to drcnmstooces. The eye being a part of the bodily sys- 
tem, and governed by general physiological laws, is subject to the 
some viclsutndes of varying activity, acute and bluDt«l susceptibility, 
as other parts. We shall now notice the change that talics place, only 
so &r as colors ore tbeniselvos affected ; deferring to another place an 
examination of the inflaence of colored light upon the eye in refer- 
ence to its health (253). 

ITS. Daratlea af lapresdau ap«n the Ketlna. — Impressions continne 
spon the nerve of the eye about one-sixth of a second after the object 
is removed. For this reason, a torch whirled swiftly round upjierirs 
OS a oonljnnons streak or ribbon of fire. Bnt the eye continues to bo 
affected for a mach longer time ; although it is not, as we might at 
first suppose, by a feeble, lingering impression left npon it, which 
gradnollf fades ont after the object is withdrawn from sight. If there 
were a continnance of the perception of an object after its removal, 
the e^ct of viewing another olject would be the mixture of two 
•ohm. Y<x «xample, if a bright blue ol^ject were seen, and thoa Um 
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eye Buddenly directed to a rod, the effect woald be a perreption of ■ 
mixture of tlio two, or violet, nod this wonid remaiu until tie firrt 
improssion, or blue, faded away f^m tlie retiua, after n'hich tbe red 
ot^ect alone ■would be perceived. But nuch is not tbe case. 

173. The Ere lasca Hi MulbUltr ta Colon, tki itKaaia (hdr Conplo- 
watAilK. — The influence of any color apon the eye is to diminiBh of 
deaden its sensibility to thnt color ; it gets ffttigned in looking irt ono 
color for some time, so thnt it appeara lesa bright. If, for einmple, 
the gnre be directed fbr a time npon a bright red object, that part of 
the retina upon which tbe image ia impressed, becomes cihnasted by 
the action of the red color, and partially blinded to its l)rig:htneas ; 
JuBt OS the car may be Aenfenti for fl moment by an overpowering 
lonnd. But the offoot does not slop here. If the eye be averted from 
the rod and directed to white, the red contained in tbe while will not 
pTOdnce its natural effKct, whilo the bnlnnco of the colors in w1iit«, 
blnc:, and yellow, make llieir proper impreasion npon tlio eye, pro* 
dncing green. Thna the eye, dulled to one color, has a tendency to 
SCO iti complementary. If wo place a red wafer npon n sheet of white 
paper, and fi* the gaze npon it steadfastly for some time, and iJien tosa 
It off wo shall PM a spoctrnl image of the wafer npon the Paper, 5«( t'f 
mil he green. The wafer so extingnishcd the sensibility to red upon 
ft certain portion of the retina, that when it was removed, tbe eye 
nw the white, mimu the red, that is, green. In like manner, if tha 
•ye bo im]ireMed with green, it loses its sonsibOity for it, ao aa again 
to decompose white and see rod. If blue is observed, tbe impressi- 
bility of the nerve of sight is lowered for that color, bo tliat whita 
Sght is seen without its blue, nnd oranga appears, which is the com- 
plementary of bine. In like manner tlie observance of yelUne creates 
a tendency to see vioUf, and in the same way tbe effect of any color 
whatever, is to dispose tbe eyo to sec Its complement. If wo gaze at 
n at sunrise, when of a mddy appearance in consequence of bb 
»y« being strained of their blno and yellow ns they pass through the 
damp atmosphere near the ground, an image will be generated by tha 
eye formrd of t\eM tn^Ming rays, and, therefore, green, Wlien ho 
has Bsooniled higher and become of an orange yellow color, tbe Imaga 
win bo dari: violet. It is well known that in looking at tfao sun 
tlirnugb colored glasses at the time of on eclipse, spectres of the solar 
dhk are sometimes produced which continne for a time before the eye. 
The color of these is always complementary to the color of the glosa 
throngh which the sun was viewed. 

IS nmtTMt ef Ctivrs. — Bnt colors plsci>d side by side^ 
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exert apon each other, n'muffaneou*^, &n infiuence that cui hardly b& 
accouDted for by the theory which explams »ueee»»itie contraat. Tb« 
effect ia of the same kuid, — contrasted colore are augment«d in bright- 
ness, bat it reanlta trom the equal actioa of both colors npon the eje 
at th« lame time. It has been stated that surfaces re&ect to the 
eye rays of other colors beEdde those wliich appear. No surfaM can 
so perfectly analyze the whit« light which falls npon it, as to absorb 
all of oae color, and reflect all of another. It appears of the color 
of the predomioAting ray, thoagh more or less of the rommning colwB 
of white light are reflected also, and diminiah its pnrity. Ve loek 
npon » red ; it is not perfect, bccanse other colors not red, bnt the 
opporite of red, are mingled with it and reduce its effect. We gaze 
separately upon green ; it is vitiated by rays coming irom it that an 
not greun, bnt its opposite. Now if we could dear away or destroy, 
these vitiating rays, we ahonld improve both colore, and this is 
tnaUy done by jilaeing Iheiii aide by side. The reducing colors, wl 
are active when the surfaces are viewed uparately, seem to he, 
Bomo way, neutralized when thoy are bronght together, and the 
plotnentary of each is thrown upon the other. 

ITG. Bow a«MUte< Oolsn lojim ««ch other, — ^If oertun combij 
tions of color alter each other for the better, it is easy to see howt ' 
other eombinBllons mnst act io other ways for the worse. If thft, 
mntuol effect of colors most oontmsted be to intensify and eiajt eo^ 
otlier, it follows that if those most nearly alike are associated Uh;, 
gether, they will vitiate and injure each other. What the exact effe 
will he, may bo seen at once by inspecting the chromatio diograobf 
The complement of violet ta yellow. If violet he associated vi^j 
yellow, therefore, the only effect it can produce is to make it yellowaf j 
bnt sappoM it be placed beside other oolora, the result must be a bean 
dency to yellow them all. Violet placed beside green drives it out of' 
Itfi scale (see diagram) toward yellow. U woa half yoUow before, bni 
the effect of violet is to increase the proportion of this element, and 
thna produce a new hne of yeUo wish -green. If violet be placed 
beside orange, which is also half yellow, it is moved out of its scale 
in the same direction as before toward yellow, a hue of yellowish 
orange being produced.' As orange and green are already half yellow, 
it is obviona that the effect of adding to them a little more yellow will 
Dot be so marked aa when this color is cast D[K>n those which do not 
coutaiu it. Violet, beside blue, staina it of a greenish hue ; while 
beside red it changes it to scarlet. By tracing these effects ont upon 
Um diagrain we tt onoe get At the goneral l«w of tlie mutn^ infloaioe 



I 




f IB. U. 



I 



HOW THET ABX CBAXgStD XT OGSTRAflK 

of colors. A color pUoed beside soother Undt to wtaiit that tolor 4> 
difttvut anpottibUJ^om ibeif. In tbe <:«se of riolet joet allDded to, 
by referenco to the diagrara it will be mod that the color nstursD; 
futhest tVom it, bj it« verj constitntion iodoed exactly opposite to it, 
is yellow. Now if bright violet be placed be^de the yellow scale, it 
will drive every tone of that scale ooe or two steps back, sway frcnn 
itself, by making them all still yellower, and yon will notice that th« 
effect of viuli^t upon tbe other colors, by throwing yellow npon them, 
is to start every one of tbem away from itself tu the direction of ita 
Bntagouiat, which is the yellow. If traced out it will be seen that the 
effect of any other color is precisely the same. Tbe complementary 
of any colur thrown upon another renders it more nnlike, or increases 
the difference between them. 

ITS. GMtrait tf Tnc — The effect of viewing while and bUck to- 
gether is to heighten the contrast between them, and so with tbe in- 
termediate tones of a scale of white and black. The aocomponying 
wood-cut (Fig. 45) affords an im- 
perfect illostration of this effect. 
It oonsista of five bands, shaded 
saoocBsively deeper and deeper 
from left to right As tbe eye 
glances at the scale, the bands 
appear darker at their left bor- 
ders and lighter al their right. 
Hnt tills appearance is on effect 
of contrast; for if we take two 
dips of paper with straight edges, 
and cover all the diagram but " * 

any single band, its surface will be seen to be perfectly anifomi. When 
viewed together, however, there is a heightening of the real iM'erences, 
tint light tones seem lighter nod tbe dark tones darker, almost as if 
the intention was to represent fluting. It is so with the different 
tones of any color which has been shaded with black or tinted with 
white. If we plaoe two different tones of tlie same color together, 
tlioy always alter each other's intensity ; diirk touos making adjacent 
liKht ones appear still lighter, and light ones%<aking dork Itinea seem 
etill darker. This is, perhaps, becaose the absence of light in tbe 
ilnrk color renders the eye more sensiUve to tbe white hght of tba 
lighter odor, and on the contrary the dork color appoarv darker, bo- 
Miuo tlio white light of the lighter color destroys the effbot of thft 
imoll amount of white light rufleoled by the other. Thug if we place 
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a djtrk red beside a light roee-oolor, or s deep yelloir in contact willi I 
a Blinw-color, tliey will, oa it were, puah eaoli other further apart, Om I 
light tones in both casea appeariug tighter, and the deep ones deeper^ .4 
BO as to deceive the oy« in regard to the real depths of their coloracl 
ThoB for tones as well as hnes tho Inn- of Chstuxul holds good. 

la where the eye lett at the enme time two eontiffuous eolon, ths^ | 
inU appear a* dimimilar a» pouible, bath in their optieal compoa'Ui» 
and the height of their lone." 

ITT. Huvanks af Aul^y. — The employtnont of glaring or inteim I 
colors in mitiiy cases, as often in dreas, is not adniisable b; the rule* I 
of cnltivated taste. It is cbiefl^ among the rude and nnculture4> 1 
that we remark a pa^ion for gaady and flaonling colors. With thft I 
progress of a refined civilization there is a t^ndeuc; to the emplojty I 
ment of more eabdued colors in personal and lioiiscbold decoration, S 
Not by any means that good taste requires the total rejection of bri^ld J 
colors, bnt only that they be nsed with skill and discretion — be ameli»- ^ 
orated by combination, so as not to produce storing and atnnnlng effeots, 
or strong and dc«p contrasts whioh often offend the eye. Earmoaies of 
omnplementary contrast are to be first and chiefly songbt in chromatio 
arrangements ; but these ore comparatively limit^l, and in the demand 
for variety, other concords are funnd, whioh, althongh less striking, 
often givfl beautiful results. In studying the best arrangement of 
colors to produce a harmonious grouping, regard must be had to the 
kind of effect required, whether Uvely, medium or sombre. In ona 
case, hold striking contrasts will be sought, in another mild ones ; and 
again, n^ectiug contrasts altogther, we may get an agreeable effect by 
gronping together similar or analogous colors. Eartnoniee qfanaloffjf 
lOAj be produced in three ways. Firgt, we may arrange tho different 
tones of asingle SQ^le in a series, beginning with white and terminating 
with brown black, leaving as nearly aa possible eqnal intervals be- 
tween them. This will produce a pleasing result. The greater the 
number of tones the finer will be the effect Second, we may asso- 
ciate together the hues of adjacent scales, all of the same lone, and 
otlea prodaee an agreeable analogy. But sometimes colors of neat 
scales mntnally lojare each other, aa blue and violet ; the oomplemeihi 
tary of blue, which is Srange, being thrown upon violet gives it wM 
faded and blackened appearance ; while the complementary of y 
which is yellow, falling upon blue turns it to green. Sometimes whi 
one color is injured we may sacrifice it to give prominence or relief t» 1 
•niither. Third, a pleasing harmony of analogy is produced b_ 
ing groupings of Tarioai colors through a colored mediom that oi 
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1 pcouliar hno over the whole, aa when we view a carpet iE 
liglit that comes throngh a stained gluBS window. 

178. ClKMMtMNsiiUehdIslarbtkebiflumnarCffain. — Yarionsooa 
ditiuDs eiort a modifying effect apoa the matiial aotioa of colore. 
The result maj be greatly infinenced by the shape of the objeot, itai 
Ute manner of its exposare to light. Tlie sarfac^ of a red cnrtoin, 
for example, hung in folds, appetirs of different haes, the ports oiosit 
ex)>o»ed to the light being changed iu the direction of scarlet, while 
thnse more protected fh>m it are shaded so n to approaoh a crimeon. 
The condition of sarfsccs is alao imporlaDt. When thej are gloM]r 
Ibeir colors affei't each other mnch lees, and a bad asKidatioa maj be 
Mocesled or overlooked where the elegance of Bymmetry of the 
Otgect, or the light and Bhade are eo related, or our ideas are in some 

,• Way BO aaeocisted with it as to draw the attention from the ill effects 
of the oolorB. It is often thns that flowers present bad assodationa, 
IT feeling concerning them is sDch that wo are not ofibnded at 
when we see the eame npon fiat ongloesed BQr&ces. The flower uf the 
It pea, for instanco, gives ns the alliance of red and violet, which 
biatnall}' injaro each other, though the green leaves set off the red 
ftnd help the n^snlt. 

, EIM er isHdatlag Caters wUh While.— AH colore appear 
brighter and deeper when Associated with wliite, becanse its anperior 
llrilliancj renders the eye insensible to the white light which acix>m- 
panies and weakens the oolor. At the same time the white ia tar- 
nished b? the compleinentarj of the color falling npon it. White is 
•0 intense that in all ita arrangements with eotor, except perhaps light 
lonca of ycUow, there will be contrast. It may often be interposed 
with advantage between colors which ii^nre each other. All the p^ft- 
'a colors gmn by grouping them with white, hut not in an equal 

. degree, for the height of tone of the eotor makes a decided difference 
b the resnlt. The deep tones of blue, rod, green, and violet, contrast 
too strongly with white, while the light tones of the eame colors form 
vith it the pleasant«8t cuntragta we can obtain. Orange, the tnott 
brilliant of the colors, is almost too intense with white, while tha 
deeper tones of yellow appear well wltli it, 

180. Eflbct sf auwtoUng UHm wUh Blaek tatt Ore;.— Black is iigre»- 
!>Ii> if associate with almost any oolor. With their light touea it 
contrasts well, making them appear hghter, and being itself darkened, 
while their sombre complemeu lories thrown upon the black aoaroelj 
affect it OS its surface reflects so feebly. With the deep tones of the 
Kales it -forms harmoniea of analogy, although their Inininoas com- 
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plementaries, eepeoially those of blae and violet when falling apoi 
black, deprive it of ita vigor, and tend to moke it look faded. Graf 
being iutennediale between black and white, it is used where white 
^vea too gtron); a contrast, and black inakea the combination too 
sombre, aa with orange and violet, green and blue, green and violet. 



TI.— PRACTICAL SUaGESTIONS IN COUBISING COLORS 
181. Aitldet tf Srewi — A recollection of- the foregoing prindplw J 
ma; enable ob to avoid gross errors io combining colors. Thus a ladj 1 
would hardly trim a violet bonnet with blue flowers, or an orange 
with yellow ribbon, while she would do well to trim a yoUow bonnet 
with violet or blue, and a green one with roae-red or white, and tQ ( 
follow the same general role io arranging the colors of a drees. Ww ^ 
are not to overlook the effect of contrast of tone as well as color, 
black coat that ia much worn, will appear well in summer in contnut ] 
with white pantaloons; but if put on over new black pants, it wiU ] 
appear older, rustier, and more threadboro than it really ia. Sl«iiH 
upon garments are leas apparent where there ia considerable dlfierenOB 
among the colors of tlie various articles of apparel, than where th^ I 
are more uniform, the contrast among the colors rendering that be- I 
twoen the stain and the snrronnding cloth less conspicnoas. Oolore4 J 
articles of dress prodnoe a deceptive effect in reference to the size 
the wearer. The influence of dark or black colors is to moke the pi 
son wearing them seem smaller, while white or hght dresses oanses I 
figure to appear larger tlian the real size. Large figures or patterns 
upon dresses and horizontal stripes make the [wrsan look short, wMla 
narrow vertical stripes on a drora cause the wearer to seem taller. 

163. hdneate of Colon ipon the CMpluteo, — Any colored objecta^ j 
as bonnet trimmings or draperies, in the vicinity of the countominot^ j 
change its color ; but clearly to trace that change we must know what I 
the cast of complexion ia. This varies infinitely, but we recogoizi j 
two general sorts, light and dark, or llotuU and branelU. In tha 
blondes or fair-complesicued the color of the hair is a mlsturo of re^ 
yellow, and brown, resolting in a pale orange brown. The skin fa { 
lighter, containing Uttle Aange, bnt with variable tinges of light red. { 
The blue eye of the blonde is complementary to the orange of ths i 
hur. In bmnettes the hiur ia black, and the skin dark, or ( 
orange tint. The rod of the branett« is deeper or less rosy than that u 
of the blonde. Now the same colors affect these two stylos of C' 
pleiioa very differealljr. A green setting in bonoet or drew tbrowt J 
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Hb complement o[ red upon tho face. If the compleiion bo pale and 
jeflcieat in niJdy freahneas, or admits of having its rose-tijit a little 
heightened, the green will improve it, thongh it should be delicate io 
order to preserve honnon; of tone. But green clianges the orange 
hue of the brunette into a disagreeable brick-red. If any green at all 
bo us«d, in such case it shonld be dark. For the orange coiiiiiloiion 
ef brunetw the best color is yellow. Its complementary, violet, ueu- 
traliies tho je!Iow of the orange and leaves the rod, thus increasing 
the freslineaa of the oumplexion. If the skin he more yellow tlian 
Wangc, the complementary violet fallitig upon it changes it to a dull 
Jallid white. Blue imparts its oomplenientary orange, which im- 
(rorea the yellow luur of tho blondes, and enriches white complesions 
SDd light flesh tints. Bine is therefore the standard color for a 
Vonde, as yellow is for a branctte. Bat blae injnres the brunette by 
ieepening the orange, which was before too deep. Violet yellowa the 
■kin, and is inadmissible except where its tone is so deep as to nluten 
the compleiion by contrast. Rose-red, by throwing green npon the 
eompleiioD, tmpturs its freshness. Red is otgectionablo, unless it be 
nfflciently dark to whiten the faoo by contrast of tone. Orange 
ttnkkea light complexions Mao, yellow ones green, and whitens the 
brunette. White, if witliont lustre, hns a pleasant effect with light 
Oomplexiuns ; but dark or bad oompleuons are made worse by its 
•trong contrast. Flutod laeee are not liable to this objection, for they 
reflect the light in such a way ss to province tho same ofiect as gray. 
Black adjacent lu the coontonnncu makes it lighter. 

188. trmgcMat of FlowcnlBSBsiqBet.— In grouping flowers, com- 
flementary colors as far as poa^bte shonld be placed aide by tide, blae 
With orange, yellow with violet-red, and rose with the green loavM. 
iOn the contrary we auould avoid combining pink with scarlat or 
iBTimson ; orange with orange-jellow ; yellow with groenisb -yellow ; 
Uue with violet or violet-blao ; red with orange, or pink with vioieL 
Jt these are to be inserted in tho some nosegay, white HhouM be inter- 
posed between them, as it prevents colors from acting inJurioasly upoQ 
Mtch other while it heightens their tone. 

184. tm telen ftir ftpw Haaglogs, — Dark paper for the walls is bad, 
beonnite it absorbs too mnch light, and the room is not aoltlciontly 
luminous : this is espedolly true of rooms with a northern afpect 
where llie snn never enters, for snch apartments paper of the lightest 
tints nhould be used. We have seen that the oomplcmentaries 6( red 
and violet are bad for the complexion (181), red and violet are there- 
K Ibro otjectionable aa wall colore Orange and orange yellow are ^h 
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fatiguing to the eye. Among the eituple colors light hlne, light grae 
(814), and yellow, Bcem fittest for hangings. Yellow ia lively, and W 
cords well with dork furniture and brunette complexions, bnt it hordlj I 
Kppenra well nith gilding. Light greeu is fuvorahle to pale ekin^ | 
defident in rose, and suits with uuihugauj furniture. Light blue goe« 
well with uahogan/, ia excellent with gilding, and improves bloadf J 
ooiDpleAions. Wliilo aad light griiy, with velvet pattcra 
color as the ground, are well adapted to a wall to be decorated wiUi \ 
piclurea. In selecting a harder wo should seek far contrBst, si 
it maj appear, as it were, detached from the hangings with which tt I 
ia associated. If there ia a double border, on interior oae of flowen I 
and an exterior one, the last mnst be deep in color au'I much smalleiy ] 
Yellow hanging ahoiUd be bordered with violet and blue mixed witi^ I 
white. Green will take any hne of red as a border. » White banging^ 1 
should have orange and yellow. Gray uniform hangings admit oC' F 
borders of all colors, but no strong contrasts of tone ; gilt bi 
well with them. If the gray be colored, the border shonld be com* 4 
pleuientary. The neutral tints of paper, drabs, stones, &c^ are pafff J 
ticularly appropriate for picture-galleries, — they produc* i 
in other rooms with well chosen borders and mouldings. 

186. ndore^ FruMS, and CUiUng. — As tlio piotnro itself ia the voloi 1 
able olg'ect upon which wo wiah to fix attention, it is'not in good tost*. 1 
to divert or distract it by gaudy and conspicuoos surronni 
omameuta -, hence aimple iraniinga, Jnat enough to isolate or separate I 
the picture, are preferable. Gilt frames will do with large oil-pictureq- T 
portionlorly if there is no ^ding represented in the picture. Gilb> J 
ftnniea also answer well for black engravings and lithographs, but ,%> I 
little margin of white should bo left around the subjeoL BlaA' f 
i>ames, by their strong contrast of tone, tend to lighten the aspect o^ I 
the picture, and often spoil a good engraving bj taking the vigor froo^ 1 
its dark colors. Gray frames are good, especially if the picture har^ j 
alcadingculor, and the gray be slightly tinged with its com plemenlarjf) 1 
As a mi^ neither the frame nor the border within it Aould ever bqt m 
suffered by their brightness, color, or omamenta, to injure the c< 
shadows, or lights of the picture. The beet gronnd for gilt ornoiaentB-^ 
is blue, becauae tta complementary intensifies the color of the o 
meuls ; hence shrewd shopkeepers who sell ^t articles line their sL 
cases with bine. A bright green ground reddens and improves g 
objects. Eed and orange pervert Ibe gilt tint, and black lightens 
weakens it (144;. 

180. iaorlBCBt ot Colon for FanUarc— la detennining th« cola] 
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to be osed in fomiahtng a room, the ttmomit of light is an important 
eonsideralioD ; dark colon, as dark Uno, eriraaon, &c., require naclt 
light to b« Been ilistiiictly. Bed onrtaius redden the tranaoiitted light 
Qf daj, and imiuirt thiH color to the conntenunces it futlt npon. Bat 
hj artificial or reflected light, red cnrtaios and fnrnitare dispose the 
eje to fiee green in the coantonancea of people in the room, nhiio 
greeu onrtaius make the coontecancea rosy. Chairs and sofaa, wheu 
ooiuplenieotary to the paper npoB the wall, are most favorable to dia- 
tioct visioD ; but for colloctivo effect, wbon we desire to present the room 
M n nnit, bold and complomeotar; contraata are iuadmissible, as thef 
fix the attention too much npon dietinct and separate objects. It is 
better, therefore, ia arranging for chain and hangings to seek contrast 
of scaloa, or hoDS and barmonies of analog;. In trimming chairs and 
•ofita, vivid reds should never be used with mahogany, for the; are so 
bright that the matiogun; loses ita beaaty, and looks no better than 
oak or block walnut. Crimson velvet is ofloQ used with nnhogai^ 
because of ita duTHhiUty ; but the colors are so nearly allied, that a 
strip of green or black galloon should be need as a border to the stofi; 
or a narrow cord of golden yellow with gilt nuls. Green or green 
grays otp iKst snited to trim mahogany and rod-colored woods. Id 
nuDg differently colored woods we can assort the colors of their trim- 
sdngs BOConUng to the role proTiously laid down. The carpel shoold 
be seleoteil with reference to the other fumitore of the room. If 
mahogany is used, the carpet should not have a predominance of red, 
Knrlet, or onuige in it. If tho fnruitnro exhibit various and virid 
Oolont, the pattern of the oarpot should be simple and sober, as greon 
■nd block for esomple, while if the furniture is plain the cablet may 
beuny. 

Vn.— PRODUCTION OF AKTIFIC14L LIQITF. 
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167. Satind inil JlrtlBehil LlghL — As respecla its soarcca, light is of 
two kinds, TuUurat light, or that which OomoB from the sun, moOD 
■nd stars ; and artifieuU light, or that which man obtains at will by 
Various meitna. Artificial light may be procured by olectHdty, gal- 
vanism, and phoqihoresoence ; bnt the ordinary method is by tliat 
kind of ehomiuol action which is termed eombtulitn, the nutore of 
which has been exi'lained when spealciog of heat. 

IBS. Ugbt eHlU«d by Igaltfd B«dl«.— All solid substances shine 
•rhen eulhcientl; heated. The temperatore at whloh they beootna 
5* 
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laminotiB, occordiog to Dr. Bb&feb, wbo has lately inrestigiiled tba { 
■nl^eot, is 977° F. He enclosed a number of different eubiitAnow , 
with a uoss of platinnm in a gua barrel ; apon beating and looking 
down the tube, he saw that they alt commeoced to shine at the s( 
moraeot, and this, evon tliongh, as in the cose of lead, the melted c 
dition had been assumed. The color of light emitted from ignited 
enbBiAnccs was found to depend upon the degree to which tbej wen I 
heated. Dr. Dbapeb showed that as the temperatare rbes, the ] 
colored ra;e appear in the order of their refrangibiljtf, tirat red, tliaq I 
orauge, yellow, green, bine, indigo and violet, are emitted io sn 
sion. At 2130° all these colors are produced, and from their commtx< 
ture the substance appears tehiU-hot. The same Investigator 
found, that as the temperature of on ignited solid rises, the intensity 
of the light inoreasca very rapidly; platinum at 2600° emitting almost 
for^ times as much light as at 1000°. 

, 169. in ou UlmbuUn raMn fron bamlaf Gas. — The foregoing ex- 
periments were made upon solid edistancea, but their residts do not 
hold true for gases. Those require to be bested to a much higher 
temperature before beginning to shine ; and when they do become 
Inminoua they emit but a feeble light. If we hold a piece of Snc iron 
wire io the hot air wliioh streams up above a lamp flnme it will 
quickly become red, showing that a degree of beat which makes the 
metal shine does not make the air luminous. And yet all ordinary 
illamimktioo comes from the combustion of gases. We use those ma- 
terials for lighting, which in burning {iroduoe flame; and florae is 
borning gas. All snhstancos which can be used for light must be 
oapnblo of conversion into the gaseous state. The process is easentiolly 
the same, whether we bum the illuminating gas which is brought to 
onr dwellings in nndergronnd pipes, or the liquid oil, or solid sperma- 
ceti. In the first instance the gas is mannfactnred on a large scale 
from solid biturainoua cool or resin ; in the latter cases the liquid oil 
andaolid tallow or wax are cooverted into gas at the timtqf burning. 
In all oases the light proceeds from a rising stream of gaseous maltet 
which is lighter than the air, and therefore tends to ascend. 

ISO. Wbat takea ^ate Id the LnnlBaM FUmc. — ^Tbo materials n 
for illiunination contain hydrogen and carbon, and the gas they yield I 
consists of these elements more or less pure. Hydrogen, as we liavci J 
before stated, is the lightest and most ethereal of all substances (76). I 
Tlie gas which gives rise to flame in illumination is therefore com- 1 
pound — a hydro-carbon. In burning, the oxygen of the air oombinet "] 
with these two elements, but it is not attracted to them equally, tt | 
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upon the lijdrogen first, boraiog it with an iDtenso beat, amd 
the production of water. As the hydrogen, combines with oxygen, it 
abandons the carbon, which is thus set fre« 
iu ft pnre state. Now pnre carbon Is olwaja , 
a solid. A» the hydrogen leaves it, th^refor^ 
it ia set fVee in the form of exceedingly mi- 
nnto solid particles in the midst of the heated 
space,— those licated to redneae, yellowness, 
or whiteness, become Inminoos, and are the 
real sources of the light. The carbon par- 
ticles remain snspended in the flame but for on initant; they are 
themselves quickly bnrned and converted into corbonio acid.* 

191. B»w lliMe fads auy be shiira.— If we hold a piece of dean 
cold gloss n short distance above a candle Heme (Fig. 46), a fine devr 
will be seen dciiosiMd upon tt, which is tho water gouerated within 
theflane. If a piece of white ^^^ ^j 

earthen bo lowered oper the 
flame the combustion h in- 
terrupted, and the uncon- 
■umed particles of carbon ore 
deposited upon the whito 
snrfuee, thus proving that 
they eii«t tree in the flame. 
If an inverted tnmblcr be 
held above a Same, so that 
the riang current may enter 
it (Fig. 47), and then it be 

closed with a card, sot down, and a little clear lime-water poured into 
It and shflkon, it will become milky from the combination of tlie cor- 
bouic acid with tho lime, which shows that the former substance vaa 
generated within tho flume. 

193. UBltmWe riapUdt; tt tke Uws of lUuDlaatlra.— There is ft 
■wonderful aimplicity and beauty in this chemistry of illumination. 
The same active principle of the sir which animates the living bo<ly 
and Donrishea the firoa wUloh warm na, is also the awakener of light. 
AH artificial illumination that we employ is duo lo the chemical energy 
of oxygen gas. Tho hydro-carbon componnds, npon which oiygeii 
acta, are not only universal as life itself, btang produced in all kinds 
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of plants nnd aniinalfl, but tlie very cruat of the globe is etoroi] wil]( 1 
eiidle89 accuioQlatiuiis of Uiem. The liydrogen oombinoa vitli und> 
condouses a mucli larger amount of oijgea than any otlier elomen^, j 
and coDseqncntJy prodaces a great heat. But tlie burning of thei^ 1 
pnre gases, althongh the heat is ao high, hard); creates a perceptibly J 
light To get illuminatioD, solid matter ii required. Acccnxlingl; tho;' 1 
lightest and most enbtle of all gases, hydrogen, is assouiatod with car^ I 
lion, tlie most relVactorj of all solids, vhich remains flacil withoa^'l 
molting or Taporizing at tlie inteasest heat whioli art can productb ' ' 
Thcee carbon atoms are set Ireo, and shining briUiantly for an instaafc 1 
puss to the rei^ of the flame, and there anite with atmoaphoria M 
oxygen, forming carbonic acid gas. llie two p rod uou of combustion-— T 
vapor of water and carbonic acid — are both entirely IranBparent and ^J 
invisible, so that although coostAntly formed within nnd around tti«, 1 
flame, they do not eclipse or obsoore it, bat let the light pass fruelj.ll 
in all (lireclions. If osygon wore equally attracted to hydrogen and.'J 
carbon, so as to burn tbsBi both at once, no solid particles would bf 4 
liberated in tlie flame, and consequently there could be no light. II, 9 
is the ixiteariee combultion which takes place, — first the hydrogen,^ 
burning and then the cvbon, which gives rise to the luminous cffccL . ' 
ISO. Tkntfald torn of lUutliuUlog SnlMtucee. — The modes of bnm> Jj 
ing illuminating materials ore various, depending upon their forms an$'j 
properties. If capable of being nsed in a solid condition, they arft'] 
monlded into a cylindrical or rod-like shape, and are called M/i(2tej4 
If liquid, they are couanmed from snituble vessels known as lamftl!\ 
and if gases, they are simply jetted from minute oriflces, hy presaulf** 
upon the ga^eons fonnttuns. There are several things with respect tO> f 
each of those methods of illumination which it is important to nnder?^ 
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1S4. Adapbtlon "f Tallow far Cndles. — TIjo^ faity and waxy bodies,*! 
which ore sufficiently hard and solid to bo bandied, are worked ii 
candles. They are made fr6m tallow, stcnrine, spt^rmaceti, and w 
I'hei'C has been no way devised for biU'Diug those softer, fatty a 
(rrt-asy bodies which lie between the liquid oils and these firmer snb;^ 
stances. Tallow derived from beeves or sheep is most n 
employed for candles. If they ore mixed there should not be t 
gruat a proportion of mutton tallow or Huet, as this contains a pccoliorV 
prindpio called hirein, which canses it sometimes to give a disagreo- ^ 
able smell, e^eoially in hot weather. When of the best quality tallffi|j 



nXUHINATIQH BT MBANS OF SOLIDS. lOS 

[ !■ white, firm sotl brittle. Alum is often pnt witb it to harden ib 
I Hid tittd quality gt' tjillow candles is ohieHf owing to their adulteration 
vith hog's 1st and cheap aofl grea»e, which makes them nnell, gutter 
and stnoke. Good tidlow cacdlea nUl resiat deoom position for two 
ycarx, and are better after being preserved as or eight montha. They 
■honld be tept from the atmosphere, and ma; be well preserved bj 
Iwiug covered with bran. The place fur their preservation shonld be 
oool flud dry, as dampneea mildews acd dmnages them. Light turns 
I them jellow. 

>. Cudles lude tMm SUarie Idd. — The lats and oila are believed 

I to consist of acids cumhined with a base ; at all events they are capa* 

He of being decomposed and separated into those salistances. The 

in base which exists in all futs and oils is, when set free, asweet 

\ liijuid called glycerin. The Bubetonces combined with it are ttearie 

I acid, margaric acid, sad oleic acid. 6teario acid, combined with 

[ gljcerin, forma tteariii. Morgurio acid, with glyoerin, yields mar- 

m; and oleic odd, with glj'curiii, produces olttn. Oleic acid, or 

I olain, is the more liquid portion of olea^uous bodies ; it predominotea 

I In the fluid oils. Stearic acid, on the contrary, abounds in the hard 

I &[a and tallows ; It is their <Mei solidi/yiag element. Uargaiio acid 

I I* less aoUd, being intormedlate between stearic and oleic adds. The 

\ Intaroiixture of theso, in various proportiooa, givee rise to all the 

IB grades of softness and solidity which the endlesa oil and UA 

tribo exhibit. Tallow contains serenty to seventy-five per cent, of 

eteario acid, and olive oil bnt twenty-dve. Candles were at first made 

from stearin, and were much superior to tallow ; but they ore now 

manufiictnred from stearic acid, which is more infusible. This snb- 

■tanoe does not feel greasy to the tonch, and is firm, dry, and brittle. 

[ It makes hard an>'. brilliant oandlea, which are con^dered nearly equal 

100. SpcraiMU ud Vax, — Spermaceti is a kind of stearine existing 

} la Ihe oil taken from cavities in the sknlla of cortaiu fipecies of whales. 

' It is manufactured into candles, which are of a besntiful silvery white 

I aspect, translucent like alabaster, and having a high lustre. Th« wa2 

of which betia construct their honeycomb is also used for candles. It 

Is purified and bleached to a pure white. It burns with a clear and 

beautiful light, and is the moet expensive material employed for illn- 

mination. Owing to its high price it is oAeo adulterated. White 

I lead, oxide of siuc, obalk, plaster, and other eurtliy bodies may be 

i detected l>y boiling the wax in water, when these substances will 

I tcpanto and Ml to the bottom. If starohorfionr has beennsed, thcif 
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may be detected hy boiling and adding a solution of iodino, whioll*' 
will yield a beantifnl bine calor, ths teat for storeh. Yellow beee'-n-asli 
ia often adulterated with resin, pea and bean moal, and many othet-i 
sabstancca. The furmer mu; be detected hj the smell, and the latl 
by the iodiuo eolation. 

197. Stnctvc of Cudirs— Offlw «r the Wkli.— The common barningi 
Andle affords a beantiM illnatration of the general principles of illiHti 
mination. If we shonld attempt to bum solid tallow o 
lamp to produce light, it would be found very difficult to set it on Sia^- 
as it would molt away long before it conld ignite. But if at len{ 
made to bnrn, a mnch larger amoant of the curobustible would be 
fire than the mr would perfectly consume ; there wonld therefore 
s thick smoky flame instead of a clear white light Boine contriTi 
.3 bence needed to avoid this result and regulate the a 
bustion, and this i» secured by placing cotton fibres wil 
the combustible, which form tbe loici. These fibres 
placed parallel in the axis or centre of the candle. When 
the wick which protrudes at one end is set 
diates beat downwards, so as to melt the material of the 
I candle, and form a hollow cup filled witli the Uquid ct 
liiistlblo around the wick-fibres (fig- 4S). The fiomi 
lijil from this cup or ciatem by the wick, which draws 
■•mki up the oily liquid exactly as a sponge 

p water, by what is called the force of capillarjl, 

I attraotioti, or the attraction of small tubes for liquidiu 

&am~Ui<<arterD l» this case the spaces between tbe fibres act as tubei^, 
sfoUWow. andaltract upward the liquid fat or wai. 
1D8. The biralng Cuidle ■ vUUtire Gu-Futery.— We thus see that 
tlie caidie is a kind of lamp which constantly melts its oitb oombns- 
tlble. From tbe reservoir the wick draws np the liquid material to 
the centre of the fiamo. Here, in the midst of a high beat, and cnt 
off fVdm the air, it undergoes anoflier obai 
exactly as if it were enclosed and heated 
^ ^ , tbe gaamaker'a retort, — it is conrerted in) 
I ^^»~1f gas. The caniUc-Oame is not a solid cone ot 
I t^ fire. If we lower a piece of wire-ganzc 

' I broken window-glasa over the flame (Tig. 4ttJ^j 

^ ^ wo shall see that the interior is dark, and that. 

Th. ».di<Hflu», Mi«r. "''«' "*' ""^e^ ^ *''*' ^""^ " ^"^^ ^"^ ■; 

thin, hollow, luminous shell of fire surronndincj 
tbe dark inner spaoe. This space is filled with tbe hydro-oarbon g 
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miLnttikctared from the liquid tallow, Bt«arine, spennsc^ti, or wax, 
drawn np by the ■wick. This maj bo directly abowD, 1! one end of a 
glReatubG,liavingabore j of aninuh, beintrudacedintoacandle-fiauie, 
aa eeen in Fig. 50, the gas will be oonveyod ftway „ „ 

tliroiigh it, andmny be lit at the other end, thus 
exhibiticg amini&tnre gas niaQofactory, pip« and 
)et. When a candie is blown out, gaseoos pro- 
dncts of distilled and burnt tallow conlinae to 
ri»e, emitting a disgoBting odor, and the candle 
may be re-lit by appljing a light to the smoky 
stream of oombtistible gas which will convey 
tbe flame back to the wick. It is the hydro- ' 
rbon gas that is really burnt and prodaces the 
it, the hydrogen and carbon being SQCccsgirely 
id, as we have seen, at the surface, or T 
rbers the air comes in contact witli the gas. 

199. laltrhftBM «f the Wl«k with Light — As the candle constimea 
downward, the wick of course rises into the flame. In a short time 
it becomes bo mnch lengthened as to interrupt the combnstion and 
int«rfere with the light. PHrticloa of unconsnmed carbon are griidn- 
oHy deposited upon the wick, forming a large spon^ snnff Vhich 
nearly oxtingaishea the light. Fbclbt foimd that if the intenraty of 
tbe light from a freahly snnlfed candle be represented at 100, if left 
without being snoffeil, its brightness is rcdnccd in 4 minutes to BS, in 
10 minntea to 41, in eo minntca to 83, and in 40 minutes to 14, al- 
though the consumption of the candle rem^ed the same. Rcuford 
foi'jd that the brilliancy of an nnsnoffed candle was redncod | in SO 
minutes. To prevent this annoyance and the necessity of frequent 
snuffing, wicks ore sometimes so pluted and twisted, or are so slender 
that they bend over tu the side of the flame^ and coming in contact 

the lur are consumed (Fig. 48). This however is only procttciiblo 
:ho more infasible candles, steorine, wax, and spermaceti. Tallow 
BO easily, that if the wick were bent over, the candle would melt 
n on that side and bum badly. 

200. lalinife ef the MlUiig pttnt—Tallow mdts at 100°, spermaceti 
12°, Btdu-ine at 120°, stearic acid at 167°, and blenched wax at 
'. Candles mode from those materials which are most infuable of 

melt slowest; the liquid which is formed in tlie cup being smaller 
quantity may be drawn upward to the Bame with a smaller wiuk. 
tbe wicks of wax and spcrmacoti candles are EmoUer than those 
ir tallow. A slender wick' in a tallow 
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oombostiUe fast«r thtm it oonld coubaiae it, tfao liqcid woold over&A I 
and OTerflow the cup, wLicL takes place in what is called the fruf («rM0il 
of candles. For tliia reason candles of softc-r materials require h 
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201. Arfwd*! gnat InpNTMint.— Lamps ora vessels of vari 
forms and appearances for burning liglit-producing substances in 
liqaid condition. Tlioy generally have wicks to feed tie flame, whiol 
loay be either solid round masses of fibre like those of the candle^ a 
fibres arranged flfttwiae bo as to produce a long thin flame, □ 
may be circalar. Dr. Franklin ehoired that two small wicks plaa 
in two candles and bnmt dde by side, wiJI ^ve more light than if U^ef 
were combined and placed iu one candle, as there ia a greater btir 
Burfuce; hence the advantage of spreading the wiuk-flbrea oat, a; 
□sing them in some other foim than eondenjied iu a solid mass, 
large wicka of this kind convert the oil into gas tet«r than tlio ai 
completely bom it, and tbo consequence is that the Same smokes. 
remedy thix evil, the most important improvement yet made in lompg 
was eontrived in the year 1TS9 by Ami AnoAHD of Geneva, and si 
calledttfterhim the " Ai^and Burner." lie made the wick bollowt 
HO as to hnrn in a ring or cirde, and thas admitted a current of ur ti 
the inside of the flame, by which the central core of dark nnhnr 
gases ia avoided, and a donble burning snrfiioe socurod. By a 
sheet-iron chimneys set above the flame (which were soon replaced b 
those of glass), a strong upward draught of cur was secured, whi<^ 
heightened the combustion and greatly intensified the light. 
wick was raised and depressed either by means of cogwork {rack a 
pinion) or by a screw ; the snpply of oil is thns regulated to that d 
the air, 8ud smoking prevented. An important advantage gained h, 
the Argand burner is the great sloadinesa of the light caused by ll 
ctiinmey, When a draught of lur strikes an nnprotected flatae, )t| 
force and cooling inSucnco check the combustion, and prodnce fliclce 
ing and smoke. In Argand burners, on the contrary, the snpply o 

Loir is oclf-rogalatcd, and the cylinder prevents any interruption of ths.1 
flame by outiiido currents. 
203. la^Nienent ipaa the Irgud Buntr. — The cylinder that A 
nAKD employed was straight, or hod vertical sides. This allowed I 
niHch larger amount of air to rise within it thou could take part b 
the comhostiou, and this extxm had the partial effect of cooling" tt 
Aataa. M. Luifi^ a Pceacluiuui, improyed the form of tiia ohim^ 
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^Bhlie, by ooatracting its size and oonstrDodng it with a ehonldor tX 
j^TSkeh a [)Oint (Fig. 51 b), that the rising oir striking agaiiiat it it(u de- 
fleot«d inward and ttirown directly npon the Huue. This had a power- 
fill eSect in iaareasiug the combastion and heiebtuDing the iuteUBit^ 
of Ibe bghl. Another improvument comistod iu mounling a button 
just above the ciroulor opening within the burner, ao tbut the correuC 
of lur that cornea op from within, wil] be deflected outwarda, as ehon-n 
in fig. Hi a, and thus Etrilio dftectly upon the inner sorface of ttie 
fliuue. The main point to be considered in the stnicturo ^^^ ^^ 
and niaaagement ot' lamps upon the Argand principle, oi 
with chiuuieja, is the relation between the cnrrent of lui 
aud the flow of oil. Thia is controlled by the movable 
wick, the movable button, and the width and heiglit of 
tha chtmuey. As chimneyB of glaaa on); a 
the; aro apt to be mado large to lessen the liability U 
fracture, thoagh tha danger ia generally overrated. As 
a ooDseqaence more air is conducted to the flame than is 
demanded for vivid combustion, while tbe eicese^ by rapidly oonvey* 
ing sway the beat, lowers the temperature of tlio flame, and thus 
^^^piiuishos iu luminous intensity. Dashing a surplus of air against 
^Hm flaine is also unfavorable to that fUOMmiM combustion which is 
^^EnntiiU to illuoiination (193). 

^^K fi03. Ptlnta t* be SMvred In the strodBra tt Luim, — Lamps are mado 
^^ui a great variety of ways saited to bum diSl^rent kinds of oily matter, 
and Brilapted to avoid, as Car «s posaiblc, certain difficulties which ore 
ineident to this mode of lighting. The distance from the burning 
ynrl of the wlok to the surface of the reaerroir from which the oil is 
derived should remain unchauged, so that an equal qnautjty of col 
may be drawn op at all times, and the reserroir should bo so shaped 
aud phu'ed that iia shadow will occasion the least inoonvenieoce. If 
tlie wick is supplied from a re^rvoir below, it is obvioos that Just in 
proportion ua that is exhausted, the distance from ita surfaoo to the 
tIariH) in increased ; the wiok-fibrea elevate less oil, and the light grows 
faint and dim. To remedy tliis, the reeervoir in some cases is made 
to huvu a large anriiice of oil thai will fall but little dititanoe, although 
a considerable amount is withdrawn. To avoid the olyeotionabla 
siiade thrown by such a lai^ cistern close to the wick, the attral 
lamp had il« reservoir constructed in the form of a norrow circular 
vedMl or ring, which threw but a small shadow. Tbe linumbra lampa 
had this ring so shaped and muuQlod as to produce still lees shade. 
SomelimeB there is m fountain of oil plued on one side higher than 
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theiriek, with b self-actitig arrtLCgemcDt by nbSch the n 
from it, and its heiglit cunstaoil; miuntained at the Bcinie point. The 
■hadow east, in this cose, upon one side, ia objeotioaable, and limits ita 
use to that of a study lamp (F!g. 07). Id the Giiiio&L lamp, or meekani- 
eal lamp, cloakwork is applied to pamp up the oil through tnbea in a 
ooDBtant stream to the wick, tlina keeping it thoroughly soaked, while 
the excess of the oil drops back into the dstem, which is aitnated so 
fiv below as to oast no shade. It is moved by n spring, and wound 
np like a clock. It rons six or eight lionra, inaiDtoimng t, coostant and 
eqnal flow of oil, nnd a bright and steady flame. These lamps are ex- 
cellent, but expensive, coating from fifteen to seventy-live dollars, and 
requiring macii care, 

504. B»t-eV lAHps— One great obstacle to the use of lamps lies in 
the visddity, or thickness and consequent slavish snpply of the oil to 
the wiok ; this becomes a very serioas difficulty with common lamps 
during the winter. Dr. Ubb made some ozperiments to ascertain the 
relative viscidity or fluidity of different liquids, and of the some hquida 
at dtfierent temporatares. He introduced 2,000 water-grain measures 
of the liquid to be tested in a cup, and then drew it t>ff with a glass 
syphon of J inch bore, having the inner leg 8, and the enter one SJ- 
inchos long. If the weielit or specific gravity of two Uquida, and 
their consequent pressure upon tlie ayphon were the same, their dif- 
ference of viscidity wonld ha determined by the different time they 
would require to flow off through the tabu. He found that 2,000 
grain-Tnensurea of water at 60° ran off through the syphon in 78 sec- 
onds ; hot when heated to 160°, they ran utt in 61 sectwds. Oil of 
turpentine and sperm oil have very aoariy the same specific gravity ; 
yet 8,000 grain-measures of oil of turpentine rsn off in 90 seconda, 
while that quantity of sperm oil took 2,700 seconds, being in the ratio 
of 1 to 38i ; so that the fluidity of oil of turpentine is 28i times greater 
than that of sperm oiL Sperm oil, when heated to 2GG°, ran off io 
SOO seconds, or one-ninth of the time it took at a t^mperaturo of 64°. 
Hence lamps have been advantogeously constructed to heat the dU 
before burning, either by means of a copper tube which receives heat 
ttom the flame, and conducts it downward to the reservoir, or still 
better by means of a cistern placed above tho flame. Pabseb's Eng- 
lith Ei'onomio Lamp has its oil heated in this latter way, and is auid 
to perform admirably, 

505. toaposlUn at Ollir— The oils in general ose in these lamps are 
those derived from flsh, chiefly whales, and known as sperm-oil and 
titiii-<A Lord-oil is also mnch employed. Itistb 
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or hopf-tat eepanteA b; artificial lueani. The chemical composltioii 
of ttieae oils U qnite similar to that of the harder aubslancee which 
are wronght into candles. Sperm-oil consists in 100 parts — of carbon 
78, hydrogen 13, and oiygen 10; mntton tallow, of carbon 78'10, 
hydrogen II'TO, and oxygen 3-30; wax, of carbon 80'4, hydrogen 
ll'S, and oxygen 6'S. 

806. Pi^Krtks (f Spirits if TuTMtlM w CanpheM. — In addition to 
theae mbstancee a new clo^ of compounds, the boaia of which is de- 
ri»ed from the turpentine of ilie pine tree, have latterly come into nse. 
By distillation of the tarpentine pitch, it is separated into a thin trans- 
parent Uqnid, spirila of tnrpentine or oil of turpentine, and a hard 
brittle reddne knowr as common rain. The cmde spirits of ttirpen- 
tine when rectified, that is, separated as completely as poBsible from 
rcsinouB matter by repeated distillation, is bnmt in lamps under the 
name of camphene. It dilTers from the snbstanees jnat mentioned in 
its cxireme liqoiditj' (being, as we have seen, 28j times more fluid 
than sperm oil) ; in its powerM ptm^ent odor, and in chemical compo- 
trition, as it contains no oxygen, and conrists of 88*46 parts in a hun- 
dred of carbon to 11'54 of hydrogen, and is therefore called hyetn- 
earbim. Oil of tm^ntine ia also much more highly infiammable, and 
is volatile and CTjdAdre. 

207. CwdttlHi rt<|ilr«d f«r Its C«Bb>stltB. — Oil of tnrpentine ia a 
superior iUaminating subsUince, but it cont^os so large a proportion 
of carbon, that if burned in the ordinary way, it smokes excefrnvely. 
Lamps desired to bom It require to be so constrncted aa to snpply to 
the flame a large and powerfol draught of air, to effect the complete 
notnbuBtion of its elements Camphene burns with a flame very ntncb 
whiter and brighter than any of the substances wo hare jet noticed, 
and which di»p1aj-B the natural colors of objects, as flowers or pioturea 
In their true tints, mnch more perfectly than the light of candles and 
uQ lami>9. Although more Inminona, the camphene flame is smaller 
than the oil flame. This is explained by the fact that cemphene oon- 
■Ists entirely of carbon and hydrogen, while tiio fat oils contain 10 
per cent, of oxygen. This oxygen, already existing in the oil, nen- 
tratiEDS a portion of tta carbon and hydrogen, so that there is really 
but BS or 80 per cent, of faydro-carbon to sostun the corabnstioo ; and 
not only thid, but the other IG per cent, of incombnstible matter acta 
to binder the combustion. On the other hand, the oil of tnrpentine 
conidsls of pure combnslible matter, bnros entirely, and oont^n* 
outbing to retard the activity of the burning prooeea. A hundred 

« of fatKiil consume only 387 parts of atmoepherio osygon, whils 



L. 



116 FBODUCnONS OF ABTTFIdAI. UOHT, 



100 parte of camphene consame 328 of oiy^u. From its eitr«in« 
flaidity, the oil of turpentine is also supplied cojiioiisly and constontl; 
to the flame by tlie simple capillary or sacking action of the iriclc. 

908, Wh; Cupbene seoD spells. — Oampbene, if exposed to flie tur, 
cannot be preserved pure. It belongs to a claas of bodies known oa 
tuenfial oiU, whiph hy combination with ozygen are cluknged into 
snbetances of a resinons nature. Under the influenoe of oxygen, oil 
of tnrpeatino nndergoes this change, and becomes deteriorated b; 
solid resinous impnrilics. When employed for illumination, tbereforo 
kt should bo procured in email quantities ftesh from the innnDfacturor. 

20Q. TiUMf and pFspcrtlts of BorBlng Flilds.— There is anothci 
method by which oU of turpentine may bo employed for illumination, 
which is generally much preferred, as it avoids the liahility and trou- 
ble of smokeL It consLsta in miiiog it with aloohol, bo as to form 
what is known as btirning Jluid, Alcohol bnrncd alone prodncoa only 
A feeble bluish-white light, as it is deficient in the necessary qnanti^ 
of carbon. It has the oppo^te defect of oil of turpentine, as that has 
too much carbon ; the alcohol has an excess of lydrogen. By mixing 
lliem, a oomponud is formed which snpplies the deficiencies of both, 
yields a good light, and may ho burned in lamps of the simplest con- 
struction. Thcec mixtures are commonly burned with wicks, but 
Uiere is a lamp so mode that the liquid is vaporized by the heat of the 
boroer, and escapbg in jots through minute orifices, is burned without 
a vrick, like common illuminating gas. Owing to the large propor- 
tion of expensive alcohol which must be nsed in maMng it, and which 
pvea hnt very little light, homing fluid is a very oostty source of ilia- 
mination (2S0), 

aiO. In what wajr Baratng Unlds are EtpMre.— Both alcohol and oil 
of turpentine are very volatile ; that is, when exposed to lite air oi 
not confined, they rapidly evaporate or rise into the gaseous state. Id 
a lamp reservoir containing burning fiuid, as it is gradually consumed, 
vapor rises from its surface and fills the upper space. In all vessels, 
whether lamps, cans, or jugs, if bat partially filled with fluid, the re- 
muning space b occupied with its vapor, which may or may not be 
mixed with air. Or when exposed to the air in open vessels, vnpoi 
rises and cliarges the atmosphere immediately above Now the liquid 
oil of turpentine and alcohol are both infinitely mora inflammable than 
the fat oils. These cannot he set fire to at common temperatures ; 
they mnsi; be heated very hot before tliey will oalch fire. But the 
more volatile liquids, on the contrary, will take fire at any time 
wbea exposed, tboogh oold, and bnm with great violenoe. But tlM 
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oase is mode ninah woroe on account of the invisible vapor wliich the; 
axhale. This mixes with the air, tuid at the spproaoli of th? slightest 
■park or flamo, ignites eiploaivcly, WLen pure hydrogen ia mixed 
with tbo air and igniteul, it explodes witli n sharp report like n pistol ; 
tho canse is tlte sadden comhiDstion of the hydrogen with the oxygen 
of the air. Now when vapor of tnrpentine or alcohol, or any volatile 
hydro-carbon is mingled with lur imd fired, an oiploHioa takes plooo 
ID the same way. 

Sll. CsndlUans UAta which ExplMlm tteir. — ^The barsing flaid 
it»el/, altbongh oiceasivdy icflammable, is not explosive. It does not 
gv off lilie ^npowder when set on fire, nor with a sodden noise or 
report, snob as its vapor prodncea. But it is always acooinpanied by 
the invisible trescberons gas which catches fire at a distance, and thia 
ignites the flaid. Host aooidents that occur with these compounds 
result from attempts to fill or replenish lamps wiiile they are lit, or 
where there is a light near by. Tho vapor of tho openeil lamp, jng or 
can, is flrod ; it explodes witb more or losa violence and concussion, 
setting the liqnid on fire, and perhaps soattariog it npon tlie clothing 
of the pei-son present, who is severely or fatally bnrnod, while the 
honse is very liable to be sot on fire. If the lamp have a screw cap 
ohi] be perfectly tight, heat may be condacted downwards from the 
flame through the metal, and increase tho evaporation. There being 
DO vent but through the interstices of the wiok-tliTeods, if these are 
close, the pressore will inoreaso and force out the fluid and vapor so 
as to bam irregularly, and sometimea occasion little explo^ona in th« 
flame. If the wick is loose, and the lamp bo agitated so as to dash 
the liquid against the hot screw-cap, rapor is suddenly formed, and 
being pressed out the fl.'Uno streams np, ol^cn producing alarm. If tbo 
presBure beoome too great, and there be no vent, the lamp may ex- 
plode. Dr. IIats says, it is a nniTorm result of numerous trials con- 
nected with experiments on closed lamps, Uiat no lamp ia aafe whicb 
haa a closed cap, unless there are openings for the eeciqw of v^ior. 
It would be wise to eubstitate metallic lamps for those of gloss, on 
account of the danger of fracture. When these substancea are em> 
pUiyod for light, they abould not bo committed to the charge of those 
ignorant ot their properties; and it ia the only safe mte, when they 
ore used in ordinary lamps, never to open any vessel oonUuning Ibem 
when there are lights bnming near by. 

212. Daw BiralBg Ftnldg nay be BMd with Mfetr— Ifcwdl'i lAmf-— 
The advantage which tiio^e liijuids have over oils and candles in re- 
•peot of simplicily, cleaulineaa, and greater brillianoy of U ~ 
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it erainentlj desirable that some eafe way be devised ta conanme tbem. 
ThU bas been done b; Mr. Jous Newell, b; npiilying tii ttiem the 
prinoiple of Dili's Safety Lamp. Hydro-carbon gases are often 
generated in coal mines, and when mised wjtli common air, ore 
exploded by the lamp which the minera use. By siuTotinding these 
lamps with fine wire-ganze, tlioy conld he lit and carried into the dan- 
gerous mixtores without exploding them. The inside of tho ganze 
wonld he filled with bnmiDg gas, bnt the fine wire teitnre has the 
effect of cooling the flame, bo that it cannot pass through and ignite 
the gases outside. Uenoo, by ingenionsly monnting his lamps with 
this ganze, Mr. Nkwkll prevents the possibility of explosion from 
camphene and huming fluids. The can also for cont^ujng the fluid 
has a sheet of the gaoze inserted under the lid, and another fixed in 
the spent. These do not prevent pouring; but If vapor or Said 
escaping through tltem were lit, the flame could not enter the 
vessel, 

^, „ 213. KeroHU Oil as in Dlonliutir.— This is a 

prodnct of tJie distillation of bituminoos coal, 
and has come lately iuto nse as a source of 
light. It is rich in carbon, and requires to bo 
homed in peculiar lampa adapted to its properties. 
It produces a bright and honutiibl light, which 
we have used with much satisfaction. It does not 
vaporize, and is therefore not explosive. The 
proprietors make large claims on tho Gcore of it« 
economy (330), and are entitled to credit for bsT- 
ing prepnredavariety of elegant lamps for burning 
it. Fig. 52 represents one of their style of parlor 
lamps. X.he cistern is narrow, and so far below 
tho wiok as to east bat little shadow. When not 
burning, the oil emits a kind of empyreumatic gas- 
odor, to which many object ; bnt tho smell is not 
perceived during combnstion. 

214. U$tA tnm gylvlc OIL— This is a cheap oil 
from resin. It g^ves n vivid light, bat it containe 
so mnch carbon that it is difficult to burn it with- 
out smoking; this may, however, be done with 
„ proper care in Vas Bensohotes's lamp. 




i. Iuessahox it Gu 



T vitbiB tlw rrtwinl etattay, aod ham been rarr viddy ■din*ad 
■ fint cn^lared !■ Loa&n n ISQi, «td ito HO bM 
i BUil 4f)&fiOO tons of eoal bftn bun "— ■"»*^ in » aa^ 
~^Mr b; lb* wtobUAintafc of that ntj bImm ; fniadof torn tfaou- 
tuaA millinna ctf enbtc feet of gfei, and jidding ui •ntoiuit of H^t 
equal to that whicb wonU bs {RDdnoed hj ^ht tbooMnd millions of 
taUov candle^ 4tf «s to Um pmutd. Bow voaderfal, that snnbeama 
absorbed by TegetatioD in the primordial ages of tbe earth's history, 
aod Lnried in its depths as TegetaLle fouls throoghimmeasoiablBeraa 
of time, niklil system opon Bjetem of doiilj-fonned rocks have been 
E'Ued above, shonld oome forth at last at the disenchanting beck of 
ecieaoe, and tuin the ni^t of dvitised man into day. 

SIG. MatarWi mti te Mklag tU— Gaa is cbieflj prodaced from Uw 
bltaminona Tsrietiea of ooal (67), those which are ricli in the pitch; 
elements coiituning hydrogen. It is also made from tar, reaa, oil^ 
Iota, and wood. 

S17. Pratecti af tba dktmnUa af CaaU-If ecal is used, it is placed 
io tight cast-iron feseels called retorlt, which are fixed in fbruace* and 
98 by an external fire. The high heat decompoeos tliO 
1 coal, producing nomerons gaaeoas and liqmd componnda. 
« principal products of this destraotlre distillation am eohe, or the 
d readno of the ooal, a black oily liqaid known as totd-Unr; waUr 
iriooa cMnpoands of antnionia, among others that witli 
atid, ttUphnrelled hydrogen, carbonic aeid and earhonU 
, light Mrbvrttted hydrogen, heary earlmretUd hydrogen or 
lant go*, and a small proportion of vapor of tulphuret ^ earbvn. 
« are also variable trocca of toany other substances, 
le. Paitttatlta tt tbe Caa— This lieterogeneoiM mixture U totally 
I ^ifit for illominating purposes unlil purified. Thu liqaid anil gaseooa 
products, m they are set free, flow out from the retort throagh a tube 
into a receiver called the hydravlie main, in which the Uqnid prodacts 
of the distillation — coal-tar and amtnoniacal liquor — ore to a great 
■»(Kt«Dt separated from the gaseoim products. Bnt being hot Uicy sliU 
n varioDS matters in a vaporous stale, which would be dupoMtol 
d clog the pipes ; these arc still farther separated by passing throagh 
f ooBdeiuVi whiob «mdetB of iron tobea aorroimded by oold water. 
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The gse is then passed through a miiture of lime nnd wafer (milk of 
lime), or tJii'oueb liiyers of dump slacked lime, which aliBorb the car- 
bonio acid and Bulphuretted hjdrogen. It is then sometimes freely 
washed with water, which removes all its ammonia, when it pasaee 
into a large receiving vessel, the gasometer^ from whence it is dis- 
trihnted in pipt^s to the places where it is to he consamed. 

219. COHp«dtlM Vf lUmlintliig Gu—- This ia very variable, bnt it . 
mainly cooBista of olefiont gns, light curbnrctted hydrogen, carhoDJo 
oside, with free nitrogen and hydrogen, and sometimes other substati- 
ces in small amoonts. It takes its valae from the proportion of olefiant 
gas which it contains, as this is the chief light-producing oompouni]. 
Oieflant gas oonsista of 88-21 per cenL carbon to 14-79 per cent, hy- 
drogen. Several other substances which bum with mnch hgbt are 
liable to bo Bsaociated with olefiuit goa, as Bntylene, Propylene, rapor 
of Benzole and Naphtha. Oletlant gas burns with a white and re- 
markably luudnona dame ; bat it woold hardly answer to hnrn it alone, 
as its proportion of carbon is bo large, that if the combostion were at 
all imperfect, tliei-e wonld bo liability to smoke. Light carbnretted 
hydrogen ia the same aa the marsh gas, which is generated in the 
organic mud of stagnant pools, and rises upward in bubbles. It eon- 
tojns less carbon, and is richer in hydrogen ; its composition being 75 
per pent, of the former to 25 of the latter. It boms with a dim yel- 
low flame, ^7\a^ but little light. Carbonic oiide and hydrogen both 
hum with a IMnt bine, hardly Inminoos flame. Nitrogen takes no 
part in the bnmhig process, except to hinder it by diluting the gas, an 
effect which is also produced by both carbonic, oxide, and hydrogen. 
The gas that comes off from a charge of good coals consists, when the 
retort ts first raised to a vivid cherry-red heat, of 18 per cent of oie- 
flant gas, e2-5 carhurettcd hydrogen, 8-3 carbonic oxide, and 1-8 of 
nitrogen. After five hours the gas that continued to escape gave 7 
per cent, of olefiant gas, 60 of corburetted hydrogen, 11 of carbonic 
oxide, 21-3 of hydrogen, and 4-7 of nitrogen. Towards the end of the 
operation, or after about t«n honrs, It contained 20 parts of carborctted 
hydrogen, 10 parts of carbonic oxide, 80 of hydrogen, and 10 of nitro- 
gen. The best gas therefore is that which is prodnced first 

£20. liM dettred tnm Mbtr sootm*. — Omde and refhse oil, which Ls 
nnSt for burning, is sometimes converted into gns. It is made to 
trickle into a retort, containing fragments of coke or bricks heated to 
redneA. The oil, as it falls upon these fragments, is instantly decom- 
posed and changed to gas. It contains no siilphnr prodnots, and needs 
no pnrifioation. It ia Tory rich in olefiant gas, and has double the 
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mmniiiAtiiig power of the beet coal gas, and treble that of ordinarf 
•oal ^^ Beain also, bj being cuelUd and (reaUd in a Bimilor way, 
yields a highly iUamiaaUDg gas. Bnt ia point of acoDomy , neither 01! 
nor Teaa con compete witb coal as a sonrce of hght, A pound of eonl 
jieldi from three to four oubio feel of gaa; a pound of oil, 10 cubio 
feet; of tar, 13; aod of resin, 10. 

S91. B*w Gu b neuved. — Qas is sold by the cnbio foot, or by tho 
thousand oubio fi^et. From the nndorground pipes (ntaiat) that ruo 
throngh the street, a pipe bronchos off leading to tbo dwelling to be 
flldtDinated. Before being distribated tbrongh the bouse the gas ib . 
■Dade to pass through a aolf-aoting instrument called a meter, nbiab 
both ueusarcs and records the quantity oonanmed in a dwelling. The 
meter aoDBists of an outer stationary cylindrical case, eaclosiog an 
inner and aznaller cylinder which revolves upon ils axis. Both cylin- 
ders are closed at tbe ends, water-tight and gna-tight. Tlie inner one 
if divided inio four cqmpartmenta with crookod partitions, and the 
gaspipc poBMB into its centre or axis, and, taming up at the end, do- 
liv^K to them its contents sucoeBsirety. Tb 
tliirds fliled with water, which the gas 
constantly dl^laces as the cylinder tnma. 
The principle will be understood by tbe 
tii of the diagram (Fig. 03J, which ex- 
hibits the meter as If seen endwise, with 
the ends of tbe drums removed. AAAAi 
ia the out«r cylinder ; B B £ S ihe fonr | 
compartments of the inner one ; e is tho 
gasjiipe supplying one of the apartmento. 
Ai it enters tbe partition S rises, and tlie 
irater passes ont at tbe hB' A "'"t* *" 
ipaco between the twfiojlindere. Thein- 
tomal one revolves from left to right, the "'"' *" " 
las passing in the direction of the arrows, 
flrat iluplacing the water and filling the compartments, and then 
passing out into tbe spaoo between tbe two drnnis, where it is con- 
veyed away by a tube not ehowu in the figure. Tbe revolving dmta 
b connected with clockwork, wbioh ahowa by an Index the number 
t£ revolutions made, and the capacity of the compartments being 
known, the quantity of gaa which passes through is correctly deter- 
mined. Tbe meter reports tbe amount of gaa that actnally psssea 
through it ; but He indications are by no means to be taken as inlklli- 
Dle proois of honesty on th« part of the gas company. ITinr tampta- 
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tion js, to pot OD pressors and crowd tuore gas through tbnn is dmmV 
HftTj, or than cun he bnmod with ecoDoray, forincreaeed eonsnmii 
of gas does not at oil involve a corresponding incresM of light (322). 
Ndi* do meters ofiord any indioation whatever in reference to the 
quality of the gas ; the companies control this, and may do quite as 
they please, the cnslfliner beiog nnprolected. We do not Intimate, 
however, that the gas-companies ever yield to the evil temptations 
witb which they are be^t. 

222. Daw Gai Is taned. — From the fonnlain of dietribntion — the 
gammeter — the gas flows sway through the hrauchlng system of tubes 
under the iuSucnce of pressnre. When tittle openings are made in 
. the pipes, this pressnre drives out the gas in jets or streams, and it to 
those which produce the light when ignited. The orifices are from 
^jth to the j'g^^ <*f ^^ '^'^ in diameter. Recent experiments by the 
French tend to show that wider openings are more economical with 
the best kinds of gas. The openings are made in various ways. A 
circle of them round a large ceutral orifice forms on Argand burnv 
(201). Two holes drilled obliquely, so that the flames cross each othM^' 
produce what is called a taaUcvi-tail Jet A sUt gives a eontinnonif 
dieet of flame, called a inC-uin^ jet. Other figures are also prodaoe^, 
as the ^'■fan-jet," "JUh-tail jet," &o. The quality of light depends mnab" 
npon the mode of burning as well as Qie composition of the gaa ; (t 
good article may be spoiled by mismanagement. Its iliaminal 
power is impaired when burned too rapidly to allow the 6eparatio#' 
and ignition of the carbon particles (190). The order of the coml 
lion, upon which all illamination depends, is destroyed, by excess 
air, as when we move a lighted oondle rapidly through the atmosph 
the hydrogen and carbon are both imrned at <mee, and we get only ft> 
feeble bine flame. This occurs when gas issues with considerable Tfl*' 
locity from a minnte orifice, and by expansion gets intimately 
with a large proportion of air. When the cnrreitt of gas does 
ignite at a considerable distance (several lines) from tlie aperttti^< 
and then burns with a faint blue flame, the gas-streiun is too rap^ jg\ 
b improperly mingled with the air and oonsnmes wastefully, — that %. 
to the htyer. If chimneys are used, and the draught becomes too 
strong, for the same roasou the light almost vanishes, yielding only a 
dull blue flame. On the other band, too small a draught of air is 
equally injurious, not only from incomplete combustion which causes 
the flame to smoke, hut aL^ because the highest illuminating power 
of the flame is obtained only when the carbon atoms are heated to 
uA<t«MM^ which reqtiires s oonaiderable unount of ur. Wfi hATO 
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before seen how rapidly liglit is evolved ij Uie addition of em 
qnantities iif heat at high tem^ieratnres (188). 

223. b>KM« (f tbt towtk (f Ike FIiBf. — The dimensioDs of the g; 
flaine iiiny be controlted with perfeet facility by siiDplr taming a stop* ' 
cook, althongU its eitont depends upon the width of the orifice ani" 
the amoDnt of pressure. It wae fonnd thst if the light Trom a flaaM 

3 inches long were represented at 100, at 3 incbeg it became 109, ti 

4 iocheiS IS], at G inches 150, at ioclios 160, mtk an tyuat eerumn^ I 
tion of gas in eaeh ca*f. 

224. Btw Bith, Gas-binloe cMtaBlmata the ilr. — The active soorati. | 
of light in this Icind of iUumitiHtion, as has been staled, is olefiant gi 
and other componoda abounding in carbon. Bat theee conld e 
burned alone even if it were poasibte to procarc them. A dilntiiqf I 
material is therefore ueceasnry to give the Sanie anffieieut bulk, i 
separate the parucleB of carbon so far asnnder as to prevent the ri 
of imperfect oombnstion and smoke. Now the three snhatances found I 
in gas — light carboretted hydrogen, carbonic oxide, and free hydi 
gen — are all equally well adapted for this purpose. So far ns Ughe h 
concerned, it is of little eonseqnenee wliich of these is a8eo<!iuled wifl 
the oleflant gns. Bat in other respects thia becomes a matter of inw ] 
portAne«. Tlio two objections roost commonly nrgcd agaiust the n 
of gas in onr apartments are,^«f, the heat which it commnmcatea to' 1 
thcair; and, (mwiuI, the contamination of it by carbonic acid. Now,l 
thiwe particolars, the three diluting anbatancee have Y«rj different ia- 
flaences. One onbic foot of light oarbureUed hydrogen oonsames Iii 
its combtutlon two cnbio feet of oxygen, and generates ocie cnbic foot 
of citrbonio acid, — a portion of tlie oxygen being consnmed in the for^ 
mstJon of water with hydrogen. This prodoces a Hnffirient amoimt 
of heal, liccording to Dr. FBitiKi.AND, to ruiw S,600 feet of air from , 
80° to 80*8°, while a cnbic fi>ot of hjrdrogon bumol under the at 
olrcumstanoH produces nd carbonic add, and yields heat capable 
rdsing 3,000 cnbio feetof airdO" toOS'4'. One cnbio foot of carboidi 
oiido consumes in baming half n cubic foot of oxygen, and generata 
one cubic foot of carlionic acid. The light carbaretted liydrogoni,! 
therefore, is the worst diluent and hydrogen the best, as it prodaoM 1 
no carbonic acid, and excites least beat. We saw that at difierentl 
stnges of healing, the coals in the retort yielded at one time a ga-s riokj 
in iltumlDatJng oonstituenta, and at another time a gas deflcient i 
tliose, bat rich in hydrogen (216). Advantage has been token of thB 
fact to mingle the products of the retorts at different stages of hcaf^l 
lag, by which the defiant gas is dilated with hydrogen, and a inixtoiv 1 
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prodnoed of enperior iUoiiiin&tiiig qnalities and the least iiiJDrioiii 
effects. 

325. DlndTaiUgu of Gu-llgkUng.— The chief obstacle to the nse of 
gas-ljglita io private honses ia, that the burners are stationar;, and 
caiiaot be placed in positiuos available for all purposes. Cabdlea and 
lamps are nftivable, but a gas-light, even where flexible iiidin-rubber 
tubes are used, is more or less a fijctnre. The burners being lUQallj 
situated high fur general illumination, and calculated for giving more 
light than is required for one or two persons, cannot bo reduced. to the 
limiu of the strictest eoonom; of conaumptioa. Hence, althongh gas 
is the cheapest of all sources of illumination, this apparent neccssitf 
for oonauming it in largo quantities prevents the real saving that might 
otherwise be expected. We have just spelten of the effects of baming 
gas upon the air, and shall notice it again, as also the prejudices against 
its nse (376). 

22S. Can of Gas-4ilnm. — Air, when mixed with gas, oierts npon 
it a slow change, tendiut; to produce fluid and solid bituminous bodies 
by oxidation. Now if sir geta access to the tubes and mingles with 
the gas, as it does constant); between the burner and the stop-ooek, 
when the gas is not burning, the pipe beoomes coated and obstrncted, 
and hence rcqiures periodical deauing, which should be done with in- 
struments that ought to be famished gratuitonsly b; the gas com- 
panies. Gas of high value contains sii per cent, of its volume in 
T^Mr, which can become fluid in the pipes when the; are exposed to 
the temperature of freezing water. Hence depressions in the pipes 
soon collect fluids, onless they decline toicardt instead otjrom the 
meter, and the flow of gas to the burner is irregular, producing floc- 
tnation or what is called 'jumping' of the flame. When the burners 
ore long out of ose, as somettoies in sommer, the pipes ore liable to 
become deranged and closed, and as gas acts on and solidifies all oilj 
and Inbricraling snhatances hitherto used, the keys of stop-cocka often 
become fixed. — Satb. The ventilation of gas-burners will be de- 
scribed when trealing of air (860), 

6. Mkuubbment of Lionr. 

til. Can Light be Uaaati t— Tt is sometimes of importance to de 
termine the cost of light produced in dlfierent ways and from different 
maleriols. There ia no method koown by which light can be direethj 
measured ; that is, we have no mode of estimating the absolute qoan- 
tity of light emitted by a flame, but we can aacertain how mnah more 
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or lea light one flsmo prodacea than another, and tbna arrive at oseftil 
ecmparatine lesxHta. All flamos are not eqnally bright, — of two flamefl 
of equal size, one ma^ be mncb more briUiant and emit more light 
than the other. Wo do not jndge of the InteiiEitios of different lights. 
hy direct comporiBon, but by the comparison of their shadows, on tha 
principle that the greater the illuminating power of the light the 
deeper is the shadow whioh it coBts. 

228. flaw Light Is nCuucd-^Before a piece of hoard, covered with 
snglaied white paper at a distance of two or three iocbea, lot'on iron 
rod be placed which has been provionsl^ bloclcened b; holding it in 
the candle. Now if it is deelred to compare two lights, thej- are to 
be placed opposite the ^^ ^ 

board at the same 
height, and each will 
eaKt a sliadow upon 
the pajier as iUuatrs- 
tod in Fig. 5i. The 
lights should be so sit^ 
nateil that the sliad- 
will fall close to 
and the 

"-"•■^t 1[ ^ • II II 

Uie weaker advanced, "«*>n»tnor™iri™i»fcrn.«miii.itboint.ii.iijani«iii. 
that both shadows will appear equally deep. To Bsc(>rtain their 
InmiDoas intensities we moasore the difference &om Lhcir centres to 
the shadow : if those are eijual, their illominating powers are equal ; 
but if one costs an equal sliadow at a greater dUrtaace than the other, 
its light must be more intense, or its Uluminating power greater. Tha 
dilFerence in tha degrees of light is not proportional to the distances 
' of the lumjnariea from their shadows, bat to the iqvare$ of theee dis- 
tBDoes, tu aeoordonoa with the law of radiation before explained (I3S). 
If one light at two feet, and another at siJC, give equal shadows, their 
difforeuoe is not as six to two, but as the square of 6, which is 8B to 
thBSiin(ireof3,which is 4; that is, 35 to 4, or 9 to 1. The luminary 
tt foet ^ves nine Jimes u much tight as the one at 3 feet. 
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229. We hiT* m ■ 
, ' lions ways, affords a randy i 



.- of light emitted b; two flamas. Bat we hare i: 
L nap the praetictJ advantsges which this s 



UgbL— This plan, modiGed In t«^ 
8 of comparing the relative amount 



If we oan meamre light, why not establish the extwt 3j 
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niLting Tdlnes of the viirions liglitiog materials, so that wc maj kuoih I 
precisely hi>w far a dullar will go in bajiDg light when the sabattmoetr I 
are at giTcn pricea. SotnetJiiiig has been doue in this way, hat « 
have no results that coniraaud implicit trnst. The conipuaittoD of that I 
materials ia variubte, and the same materials in different trials gin^ I 
different resolts. We are withont an accepted nnit to serve as 
ard for a soule of valaes. It has been proposed to make tlio spernifts I 
oeti caitdle (6 to the lb.), burning 120 groins to the hoar, the nnit at ] 
measure. If this were satisfactory, we conld compare other lighting) 1 
materials with it. A burner consuming a certain amount of gas pot I 
honr would equal a given namher of candles, and anj variatioa iu itfe I 
quality would be easily detected. We should speak of it aa 10 oandlfti M 
gas, 15 caudle-gas, and 20 candle-gas, according to iU grade, and Mltl 
of the varioas illaminaljng aubatancea. Bat theae candles have bi 
found to burn variably, and do not perfectly answer. Some unit wi^l 
probably be filed upon by which the comparative volues of lighting J 
materials may be determined and expressed. 

380. PkotonelrleScsalteomretndKcat.— Dr. Ube ^ves the fo1lowif:| 
ing aa the cost of an equal amount of light per hour from e 
Bources, according to his experiments. 



Cuetl Lunp. vith Sperm OU.. 
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E. N. Kent, of ttie U. 8. Assay Office, experimented o 
lighting materials with the following rcsnits : 

.^ 00 r 
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TIU.— STRUCTDEE AND OPTICAL P0WEB3 OF THE ETK. 
231. Talic af the whc af Vidn. — ^The eye is pvhaps the most in 
portant organ of sense. By it the mind is pnt into the widest com* J 
munication with the ezteraal world. Although it may lie said tl 
this organ only recognizes light and colors, yet through it b 
acqudnted witli the forms, magnltades, motions, distances, direolJoiM> I 
and poaitioiM of all objecta, whether immediately around ns, or rfr< T 



fS> IBIS AKD FCTHf iJXU 'i'HJUK USES. 



121 



L 



aot«); distribntcd throagh tha distant universe. In its adaptation Ut 
Ui« agent which is deeigned to act upon it, Uie «je is a. miracle ot 
beaut; and wise design. For this reason alone we might well afiuri 
to devote a littleepaco to it; but when we consider tliat it ia an organ 
of eiqaiaite delicacy, and greatlj liable to abuse from the damc^tia 
jnismaoBgement of light, as well as other causes, and remember how 
todioos and distieesing are its disorders, and what a lamentable life- 
disaster is its losa, it becomes of the first importance to assist in dlll'us- 
.ing any soggeetions that may lead to its better core. Our previous 
Btodj of light and colors will moreoTer aid us materially in forming 
correct ideas ujJon the snbjeoL 

i2. BdtreUc Cott and CenM, and (fcdr ims. — ^When the eye is ra- 
nioved Ihim its socket and dissected^ it is fonnd to consist of several 
ooatB, The onter one forms the vMte nf I/ki eye; it is a tongh, re- 
nting membrane, and serves both to sustmn the delicate parts within, 
and also to give insertion to those outer nnscles which roll the eye- 
ball. It is called the tclerotie coat, or briefly the aclerotie. As light 
is to enter the eye, and as, from the nature of the organ, it could not 
bo admitted tbrongli a bole, it became necessary to have a wiudow in 
the eye-ball. In the front part of tlie globe there Is a circnlor open- 
ing in the sclerotic, which is closed by a thin and perfectly transparent 
■ncmbrniie called the eomea, the Itont window of the structure, The 
cornea bulges out somewliat like a watch-glass ; that is, it is more 
oonvei than tbo general surface of the eye-ball, a may be felt through 
the closed lid. It covers that )K>rtioa of the eye «hich is colored, and 
b attached ronnd the edge of the colored part to the eulerotio cost, 
■ with which it is oontmuons. The comoa is very hard, tough and 
hom-like, the word being derived from the Latin comv, which eigni- 
flea A&m. The general arrangement of the parts we are describing is 
shown in the accompanying view of the section of the eye (Fig. BB). 

288. Tit Irli aMi Pirll, and tkeir uh. — Dehind the corner 
tbere is a small space or chamber filled with a perfeoUy uleor and col- 
orlOBB liquid, which consists chiefly of pore water, and is called the 
aqueout Aumor. This chamber is diiided by a thin partition known 
AS the trw, in the centre of which there is a circular aperture onlled 
t^e pupil. The pnpil is simply, therefore, a hole through the iris ; It 
is the round black «pot whioh we see surrounded by a colored ring. 
That cilored ring is the iris. It is black behind, and on the front 
or visible side, it is of different colors in di&rcnt individnals. Thft 
color of the iris is observed to be, in some measure, connected wilb 
the color of tlie hair. Hie iria has the remorlutble proper^ at a 
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triwting and dUivliug under tLe inflnenca of light, by which the pupU 
U oiilarged and diminblied. If the light be atrong, the iria ContraotB 
aud reduccH the siza ol' tliu pupil, bo as to exclude a portiott of tha 
Fro. 53. liglit; if the light be we&k, tlieiito 

expanda eo that more light is i 
Byy„„ mitted. This moderftteB OEdeqnd- 
dntmir AO I "Vjf n^IS '***' '!■* illniniufttion of the o 

tStmlir-^CfJ^ y'^K^"^ tha delicat* senmbility of whioh I 

might otherwise be iDjiire<l. Tha I 
play of this mechiuiism inaj ea^Qj i 
be seen by bringing a candle near tl 
the eye while gazing upon its ii 
f^in alooking-glflss. Tlieaeino-rt"-! 
involuntary, the eye r 
nlating the quantity of light it will receive, iudepondeut of the ebdw I 
of the micd. 

834. CryAtObw LciH ud TltrMBi DwBir, — Behind the little chambef^ I 
of which wo have spoken, and bonnding it on the back ^do, is a ea}^ 1 
BlAnce in the form of a double convex lens, called the ery»taUin» 2ml I 
It ia^Bituat^d ttnmediately Iwhind the popil, very near it, is a littto I 
bi^r than that opening, and i« very convex, its thickness beiog d^ | 
moat eqoid to its diameter. It Ls sapported by a ring of muBcles caOod v 
the tiliary pToetn. The crystalline bos about the consistence of hard i 
jelly, and ia pnrer and more transparent than the finest rock-«ryatd. 
It is this part which becumes dieeased in oatorsct. The Bpace behind. I 
the orysUlline lens oonstitntcB the main body of the eyeball, a 
ia fillod wiUi a clear gelatinous fluid, very much resembling the whitt ^ 
of egg, aud called, from its apparent aimitarity to melted gla»i, thk J 
mtreout humor. 

23S. The Cbanid Cm), and htw It 1> M*Kd.~There is a second oot% I 
lining the interior of the Bclerotio, which consiata of minute vessc~ 
arterioa, and veins, closely intemetted, and is called the ehonAd. 
ext«ndH around to the cornea, and supports the ciliary process. Tha ] 
inside of the choroid is covered with a alimy matter of an inteuBelf I 
black color, called the pifmentum nigrum (blaek pigment). Thii J 
gives to the interior of the eye a jet-blaok snrface, which absorbs ai 
Hides the light, ao as effectually to prevent redection. 

230. Opde lf«ne aod Bctliu.— At tiie back part of the eye, the bo1» I 
Totio ooat is furmed into a tube which leads inwards to the brains 1 
ITiis tnbe contains the opiie mme. As it enters the globe, it spreadi I 
out o?er the inner sui1a«e of the choroid, in the form of a most de^ | 



HUE BBnSA SUfVOBKD lO KEEL lUlI PICnjKK 

e network of neirons filaments, called, from its retieiOatod stmo- 
lore, the retina. The retina is therefore the extended and didused 
optic nerv«^ In diseectlon it is easil; Beparated from the choroid. It 
la absolatelf traaspareDt, bo that light and colors penetrate and past 
tliroDgb it perfectly, and therefore fall npon (he dark snrface beneath. 
To prereot the delicate and tronaporent nerve tisanes of the retina 
from l>eiDgfltaIued \>y the black pigment, a v«ry thin film is interposed 
betwoen them cjilioil Jacob'* membrane. 

23T. B»w TIslaH Ii Pradaccd.— From every object which we see, 
nj9 of light pass into the eye, penetrating the saccessive transparent 
toedia, the cornea, the aqneoua humor, the crystalline lens, and the 
THreooB homor, and falling npon the retina, form there an image of. 
the visible object, the impression, of which ia carried by the optic 
nerve to the brain. ^_^ „ 

The diagram (Fig. 
fiG) ehows how, in 
the perfect eye, the I 
image is ninde (o 
&1I accurately npon I 
the retina. It is 
■een to be inverted. 
The pictorea in the 
•ye, of every thing 
Ve behold, ore np«i<le down, although there is no confnsion, and we 
BTC nnoonecioos of it. We have said that the image is formed njKin 
the retina, and this is the common mode of expression, bat that is 
perfectly transparent, so that the colored image ia formed, not proper- 
ly upon it, hot npon the black surface of tlie choroid ooat behind it. 
It is maintained that the retinal membrane is nfieoted by the colored 
image io the same mamier that the sense of tonch is aS&ot«d by ex- 
ternal ulq'ucts. It is supposed Xo tonch or feel, as it were, the image 
on the choroid, and transmit the impression to the braid, sometlung 
Ln the same way that the hand of a blind person transmits to tlie or- 
gan of aonscionsneas, the form of an object which it tonchca. This 
view eeema to be confirmed by the fact, that at that portion of the 
retina where the opUo nerve enters the eyeball, which therefore has 
not the blaclc choroid behind, it is insenuble, and prodnoM no per- 
ception. It has been proved by experiment that Lmagce made to fall , 
opon that spot, are instantaneously eitiD|niii)h<:d. 

238. Werierfal HlaiMMs aad DlfUncUtM of the Images. — Notliing 
la more calcnlstoil to awabea oar astonishmeat than the perfect dl 
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tinctnCBs of the pictures upon the retina, compared with tlieir mogni 
tode. The diameterof the piuturo of the lidl moon npon tlie retina 
is bnt the yjg port of an inch, and the entire stir&xM of the picture ii 
jesB Iban the um P^^^ °f ^ square inch. And jet we aia able b) i 
peroeiTO portiooa of the luooa's disc, whose images upon the rati 
no more than the 15,D0O,0OOtfa port of a square inch. The figure of Ik I 
man 70 inches high, seen at a distance of 40 feet, produces an 
npon Uie retina the height of wliich ia abont tlie y^ part of an inoh. 
The &ce of snch an image is iuoluded witliin a circle wLoee diameter 
is about -j^ of the height, and therafore occnpiea on tjie retina 
cle whose diaueler la about f'g part of an inch; noTertheless, within J 
this oircle, the eyes, nose, and lineamenta are distinctly' seen. Tha ] 
diameter of the o;e is about -^ that of the face, and therefore, thou^ I 
perfectly vitiible, does not occupy upon the retina a space eicecding j 
the l-4,000,000th of a square inch. If the retina be the canvas on j 
which this exquisite miniature is delineated, how infinitely delicats I 
must be ltd Htrnctore, to receire and transmit details so minute, witb j 
RQch wondrons precision ; and if, according to the opinion of s 
the perception of these details be obtained by the retina feeling the 
image formed upon the choroid, how exquisitely senativo inust be its 

touch. (LABDZiSB.) 

239. AdapUttoB af tbe Ere !• Inleiulllu if Uglik_The susccptibili^ "1 
of the eye under great variationa of iulensity \a the light which e: 
ters it, is most wonderful. We can read a book either by the light d I 
the enu or of the moon, yet sunlight is more than a quarter of a mil* [ 
lion times mors brilliant than moonlight. "The direct light of the. I 
eon lias been estimated to be equal to that of 5,6T0 wax candles oC j 
moderate size, supposed to be placed at the distance of one foot irou [ 
the object. That of the moon is proiutbly only equal to the light of I 
one candle at a distance of twelve feet, hence the light of the si 
more than 300,000 times greater than that of the moon." Wollaston 
estimated the light from Siriue, one of the largest fixed stars, as twenty 
tlumsand miUloo timee less than that of the snn. 

UO. CMdUlMU ff tin 8T«Ua •OM the Eye.— The eye is thus an opti- 
e«l oontrivance which challengea our wonder continually fur the ex> 
qidsite beauty and perfection of its porta. Tet we must not forget I 
that it is a Uving organ of the body made up of vessels, membrane^ 
' mosclee and nerves, and nonrisbed by the vital blood-stream like any 
other orgatL It is therefore liable to be influenced in numberloM ] 
ways by conditions of the systemJ When in use, it aeU. expends forc^ 
uhaosta itself and beoomea bitigned. Dr. WnABTon Joirxa remarks : 



TATBS OF THB BODY APFSlCrrKG THE ETXS. 131 \ 

' Mncli cicrtioD of the eyes operates more prejudicially to Uie eight 
under some circuniittntices than onder others. Exertion of the sight 
!b BBpecially pr^adieial imtoediatel; &ftera fall meal; after the n: 
epirituonsdriiib; whiletmoking; vhentbebodjis inaroonmbeDt or 
stooping postnre, when dressed in tight clottung, eepeciali; a tight 
neckclolh; tight corBets ; and even tight boots or shoes; Id close ODil 
ill-ventiifttcd apartments lit with gas; after bodily fatigne ; dnringmen- 
tal distress ; late at night when elecpj ; atTor a eleeplesa night ; while 
the bowels are much confined ; during conrafescenoe from debilitating 
Uluess. Though during recovery jrom severe disease the eyes cannot 
bear mnch esertion, yet, for want of other emiifoyment, it is nc 
common fur oonvalesocnts to read even more than when in health. 
Many persons have loach injured their sight in this way. Toung j 
growiug persona, at the ago of puberty, persons of weakly con 
tions, are incapable of supporting much exertion of the eyea without i 
injury to the right." Sndden suppression of the perspiratcry actioa 
of the skin, or any canse which determines a pressure of hiood to tha 
head, is also liable to affect the eyes injuriously. 

241, Budlag ul WrltlBg.— In this reading age, with such tttoag 
and insidious touiptationa to overuse and bod management of the ojea, 
it may he well to make some suggestions concerning this mode of 
exercising vimon. The closer the eye fa confined to the page, Iha 
more of course it is strained. Novel reading is worse than scieoca, 
history, or any grave subjects, betuuse in the first instance we read 
fast and uninterruptedly, while m the latter cases thinking alternates 
with tlio use of the eyes in reading. ECeading from a broad page witit 
the lines long and the print small, is very tiresome, ss it is difficult 
ftir the eye always to take ap the next iine. Writing down our own 
thoughts is ea^ for the sight ; but copying is hard, oa wo have both 
to read and write, and look backward and forward in addition. 
Beading wbea in motion, as in riding or walking, or in the brightness 
of Btinahine, or under a tree, where from the motion of the leaves by 
the wiud lighU and shadows fiy over the page, are all severe upon the 
eyM, and liable to ixfjure them. But perhaps the most eerions mischief 
to which we are exposed in reading, comes from the bad quality of 
vlifidal light, which wo shall notic« particularly ftirthcr on. 

IX-OPTICAL DEFECTS OF VISION— SFECTAC7LES. 

242. UalU «r pfrfttl Vlilsa— The tranqiarent portions of the eye^ 

the cornea and included humors, act as lenses (I4S), which beud or 

rofi-act the light from its straight course as it passes through tliem, 
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bringing it to a point or focas at the back of tbe e^e. Where 

Is perfect, tbe rnys are eo beat that tbe image, in its ntinoA 
diatinctJiMS of outline and color, falls exactly upon tbe retina, as abowit 
in Fig. 56. If the eye were B fiied or rigid mecbaniam, 8.9 
of glass, only objects at certain precise distances would come to ft 
]K>int upon tbe retina, all others wonld produce their imsgee eithar 
before or behind it, and thus give rise to imperfect vision. But the 
D^an poeseues a power of a4j''Bt™^'it ^7 which objects at different 
distancea may be seen clearly. How this occurs is not understood. 
Perhaps the oryatalline lens u capable of slightly varying in podUon 
und cnrvatnre. The limits of perfect vision in the normal eye \arj 
somewbat in diiFerent persona ; but in general they may l>e pnt dowB 
-as between nine and fliteen inchee. 

243. CiBHBf Far^ktedanb — The eye is a system of lenses beau- 
tifully arranged to bend light to a point. But its beading or con- 
vergent powers may be too high or too lov, 
producing imperfect vision in cither case. 
This converging or refractive power de- 
pends npon the curvatnre of the leases 
Tberoonder they are, the stronger they are; 
the flatter thoy are, the ■weaker they beoomfc 
\ As persons advance in life, there is a ten- 
deney to loss of fluids, which fill and ^s- 
t«nd thg body, and a consequent shrinkini 
of the flesli and wrinkling of the akin. Tht 
i^eye participMea in this natural change of 
tiaane, its coMeniH seem to shrink, and the 
cornea becomes flattened or losee something of its convexity, appear- 
ing as shown in li'ig. 6T, This pTodnces/nT-nghtedntu, in which per- 
eons oim see olyecta dtetinctly only when they are ut a very considM- 
p„ Bit abledislanue from 

the eye, such as 
holding tho book 
at arm's length in 
riiading. In tlua : 
state of tbe ey«' ] 
the rays tend U 
i^'i focus at a point I 
_ ^ behind the retin^ I 

rntlshUil Era— tbf foeil point tluvwn Im &r twek. ,. , .,. I 

^^ J t" jjjj which, ther»-. I 

for*, they itrike Iti a acattered fitat«, forming an iudistiuct image. 
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Big. 08 Ui» object a has iu foc&l point throim t 
eonAised picture d^iod the n 

nss the leas diTergent or more piralJel are the raji oomiiig from It ; 
ww) the leas diTergent are the nja which enter the bjb, ibe euier are 
the7 brought to a focos bj ik rhla U the imboii that to Ibe bp> 
cightfid, distant ottfect» are distinct, and near oaes oonfiised. The br- 
lighted eee micnte olyects indistinctly at everr distance, becwise when 
near the; are out of focus, and vhen remote from the eje, ther do not 
reflect anfficieut li^t to make a strong impression. The; hence strire 
to increase the light opon tbe ol'ject, as we oftcD see when attempting 
la read b; candlelight, they plac« the candle between the book and 
the ej-e, and both at arm's length. It is bat rarely that eves recorn 
naturallj from this defect, jet much ma; be done to preaerre the 
Mght b; .car«^ When the eyes begin to fiul, all oTer-eiertion, as 
ninnte work or reading bj badly arranged artifidal light, shonld 
lie avoided. As soon as the eyea begin to feel &tigaed or hot they 
■lionld have rest. 

£44. B*« eaMH kelp Oe Far^UeA.— The remedy for this defect 
ia convex lensee, which are so selected and adapted to the eje as ez- 
aolly to coni|wDsate for the want of refracting power in the organ 
hsolf- Those len- rta-Vt. 

Mgatliertherays 
to a puint nt Tsri- 
ons diKtnnecf de- 
{ksnding upon their 
vatnre. The 
greater the cnrve, 

nearer the fo- 

is and the higher 
Ibe power; while f«*ibI.i»i Ej. ( 
irith less cnrrataro, and a more distant focoa, there is lower power. 
The rsfmotiTe power of a glan is expresed by the distaace at tta 
fbcol frAxA in inche*. A lO-inch gion, or a No. 10, coUeota the rays 
a point at a distance of 10 inchw, a No. 6 m 5 inch«^ and a Na 
90 Bt 20 indiea. The higher nnmbers eijiross the lower poweni, nnd 
the lower numben the higher powers. Fig. 59 ehows the lar-sighted 
•ye, will) ita internal foeott, pmperlj adjusted by a convex glass. 

34fi. HiugcaMt arikMlghUA EIm.— When the ugh l beginstofail, 
and gisKCs are sought, those of the lowest power, which will bring 
otjjecis within the desired distanoe, shoold be diosen. But they 
■bonld be comfortable and not oaoH Iwadaoh^ nor sMin or U^gti 
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the «jcs; if the;' do thie, thej ore too conTCX. If practicable, it ia 
well to get two or throe pairs from the optician, bs oeorlj correct as 
i, and trj them leisurely at homo before dooidiog which to taVe, 
isejes only see clesrlj st a verj/ great distaace, the No. of the 
l^hn required will be the same as the Dumber of inches at which it is 
iadred to read. Bat the moderate!? far-aight«d do not require anch 
■tnmg glaaws. If they can see small objects diatinctl}^ at 20 inches 
distance, for example, and wish to be able lo read at 12, the power of 
the desired glass may be obtained by multiplying the two digtsnees to- 
getlier, and dividing the prodoct, 240, by the difference between them, 
viz. 8 ; the quotient, 30, ia the focal length in inches of the glosses re- 
qoired. The intenuty of the light inQnences the power of the glosses 
used ; it is commonly foond that those a degree more convex are re- 
quired by artificial light, than by daylights Many suppose that glasses 
of certain focal lengths correspond to certfun ages, but no mle of this 
kind is safe. The nearest average relation between the age and the 
focal length of the convex glass is as follows: 



246. Hetr-BlchttdiiHS.— This is the opposite defect ; the 
too rounded and prominent, as ahown in Fig. 60. The rays of . 
which fall upon it are consequently loo powerfully refracted, and 
riviug at a focus before reaching the 
ina, cross, and are in a scattered state 
when they do &11 upon it, as iUustrated 
in Fig. 61, where a is ths object, b the 
focus, and e the confused rays falling 
upon Uie retina. In tlits condition of 
IB, persons can see objects with per- 
' feet distinctness only when they are at a 
short distance from the eyes ; if they 
bring roiaut« objects closer than ten 
ni Ej«. with 111 Fntrnd- inches they ore usually accounted near- 
"*■ sighted. By bringing the olyoct nearer 

it is distinctly seen, because the rays of light from ft which enter the 
eyes, being more divergent than when it was distant, are not so soon 
brought to a focus. The near-sighted eye retains its power of ai^nat- 
inent to distonees ; the nearest distanoe may ho from 2 to 4 inche«| 
While the greatest ia from 6 to 13. Short-sighted peopli 
objeota more dbUnctly than other people, because from their neari 
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I 4hej are Tiewed under a larger angle and in stronger light. Tbej can 
f Me better than others with a weak light, and hence can read small 
I print with a feeble iiluminatUin. To persona who are occupied wiUi 
f minate oljecta, shorL-aigbtednese, nulew extreme, ia rather an advan- 
I tsee,a8lhe7can 
L ri>serTe nil tha 
details of their 
j work very ac- 
I etirat«l7, while ^^^ 
I te distant vis- 
I ion thej can get 
Y ttadf help from 

ees. Tetif 

■ - ■ , fl . B.B-i;gblod EjB, Iho focui 

t iDeyebeatfirHt 

f perfect, tLe constant emploftnent of it upon small objects tenila to 
I |iroduce neor-^^tedneaH, which b hence a common defect of vision 
I imong the educated classes, and those who do much minnte work. 
On the contrary, tho babttnal exercise of the eyes opoD distant objeola 
I fanprovea their power in that direction. If yonng persona have nten- 
I flency to neoniess of sight, and are designed for vocntions in which 
r jKigtbened vision is roqaired, they should ovoid much exertion of 

■ the eyes on small objects, and exercise them freqaontly in aeenes in 
I file open coontry. It is an error that the near-sighted acqnire perfe<:t 
L Mrion as they advance in life. We often see old people who are com- 
1 palled to nae near-dghted glassee; indeed, this state of the eyes some- 
I fltnea occnn in old persona whose vision was previonsly at the nsnal 



347. KuagcBfBt §t Near^lebtMhiMa. — Concave glaseea extend tha 

ion of tlie near^ighlcd by ajipurating or diverging tho rays of light 
I before Ibey enU?r p,„ „ 

ptte eye, so that 
nbey may be leaa 
Tqnickly brought 

a focus, and 

ttie image fbrmed 

I fbrther back, as 

I diownin Elg. 63. 

I The powers of 

oes for the 




H«ftr4lfli(ed EjB, comeUd bf double 



;hl«d are exprcased in a manner contrary to those for the tm- 
ighted (3U). They are numbered 1, 2, 8, &c^ No. 1 having tha 
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Bmallest conveiitj and tlie smallest power, and being therefore adapted 
for those that are leiiat neor-sightod. In solecting (^laa^es, the near 
righted aliould uhooee the lowest or weakest powers that will anawer 
the purpose, and the best plan is to miike trial of a serii^ oa was sag- 
gested to the far-sighted. If the gloaa^ iiial:e objects appear ver^ 
bright, or glaring, or smaU, or produce faligne, strain, or dizziness and 
oonfusion of vision after being laid aside, tlicy are too concave. If 
glasses are wanted for reading or to behold near objects, the power of 
the required glass may bo determined as follows: Let a person malti- 
|>1f the distance at wliicb he is able to read eaailj- with the naked ej«, 
sa; toDr incbes, bj the distance at which he wishes to read, say la 
inches, and divide the product, 48, by the difference between the two, 
which is 8 ; the qaotiont, 0, is the focal length of the glasses required. 
The far-Hzghted have to change their glasses as the sight progressively 
fyis, but near-sightedness nsuaiiy continues mncb the same tlirongb 
the greater part of life, so that the some gloss gives as^taoee a much 
longer time. It is well for both the far-sigbtcd and near-sighted to 
employ glosses of varions grades for different purposes. Thus tlia 
near-sighted need glasses adapted to distant objects, and ae they are 
mooh inclined to stoop in reading and writing, they might remove the 
eye further from the page by using glasses of slight concavity. Near- 
Bightedness may be occasioned by other causes than the one just no- 
ticed. There may be a declining sensibility of iho retina, which mokes 
it necessary to bring objects nearer to the eye; tljis is called nerrotii 
thoft-tighUdneit, and oltbongli olyects are eeen better close by, yet 
they are not seen so distinotly as in true or optical short-sightedness. 
Such persons seek strong light, to get a more vivid impression, and ns« 
eojtMa glsBSee to increase the light upon the retina. This use of glasses 
ia perilous (266), Short-sightedness is sometimes a symptom of com- 
mencing cataract. This disease is not, as is commonly supposed, 
something growing over the sight on the outside of the ball. It is a 
change in the ct^'slalline lena, by which it loses its transparency, and 
becomes more or less opaqne, so as to confase, scatter, or stop the 
light, and destroy the disUnotnees of the image. Children oflenshorten 
their vision at school by stooping over their desks and poriog ovef . 
bad print, combined with the debilitating action of eltreme heat (U * 
bad air, a resnlt which should be carefully guarded against by pareoC 
and teachers. 

S48. iMportiitSaggtstlaas In seiectlig Sp«ttade». — Whatever bo dttS 
defects of vision which spectiiciea are designed to remedy, there aitf ■ 
Mrtun points which should always be observed, both by the maker jiM 
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ffcloQiiting tlio glasses, and by the buyer in selocting tho frames. It ii 
gHwnlinl that the knseS be ao framed that their aies sbRll be exactly 
ifaraUel, so as to coincide with tho axes of ™ion when the eyes look 
Kraight forward. Frames are often made so light and flexible oa 
reiLdily to bend in clasping the head, so that tho glasses cense to be in 
iiiesame plan, and their axes lose \heirparallelisni, ThiBia shown in 
iKg. 63, where tho aiea of the len- 
MS, « i, instead of coinciding with 
Che axes of vision, a fr, are altered in 
41ieir direction, and become conver- 
(|«at. Again, the most perfect vision 
.with spectacles is prodnccd when the 
«je looks through the centre, or 
the direction of tho axis of the I 
lena. Where the eye turns from Uie 
Kiiii] centre of the gloss, and looks \ 
Obliqnely through it, tho view is loss ' 
dear and perfect For this reason 
persons wearing spoctaclos general- 
ly tnrn the head, where those with- ■"« " ^ 
out them generally torn tho eye. 

The distance between the centres of the lenses should be exactly equal 
to the distance between the centres of the pupils. As the clearoet vision 
li throagh the centres of the glasses, the eyes will have a constant 
tendency to look in that direction. Henoei, if the lenses be too far 
^lart, the eyes, in striving to accommodate themselves, will acquire a 
tendency to an outaquint; while if the glasses ore loo near together, 
there will be, for a similar reason, a tendency to an inaquint. The 
frames Bhoold not only correctly at^OHt tho glasse^i, but sbonld main- 
tun them firmly and steadily before the ^ye. The lenses should be 
free from veins or small bubbles, be ground to an exact curvntnre, ai ~ 
fce perfectly polished and fl«e from flare, or what is teohnioally called 
furtUin;. What ore oaJ led ' pebble-glaascs,' or 'pebbles,' aresome- 
timcs used ; they are cat tram Brazilian rock-cryslAl, and have the ad- 
TonlBge of being more transparent than glass; they are alsomnch 
harder, do not soratcl;, take a higher polish, and consequently trau»- 
tnit more lighL 

X-IXJITUIOCra ACTION OF ARTIFICIAL LIOHT. 
310. ArtUdal Ugbt net WUIe, bit CMred^Artificial light differs 
from daylight in compot tion ; it is eolorci, while daylight is of a pure 
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wbite. We hare seen tJiat white light is a coinpoand, ooaraating of 
three riniple oolora, red, jellow, and btae (156). There is do ueana 
of positivelj detenniniDg the proportion in which these colors eombina 
to prodQce white, althongh it is ooinnMial; stated to b«, red G, jellow 
8, bine 8. Whatever may bo the measured qnantitiea in which they 
e know that any diBturhaace of those quantities destroys 
whitenesa and produces a colored light. Now our common artificial 
lights are not really white ; they appear so from want of a pnre white 
to contrast with them. They ore uore or lees deficient in blue, and 
consequently appear of the tinla which result from a miaturo of what 
remtun, yellow and red ; these oonibiaed produce orange, so that arti- 
ficial luminorieB produce in a greater or less degree yellow or oriuge- 
colored light 

250. H»w Ihe bet Bij ke sbewi. — ^To become assured of this fact, 
it is only necessary to observe both daylight and candlelight under 
circumstances favorable for .<]DnipariBon, which may be done in the 
fallowing manner. If a lighted candle be placed in a box, with K 
round hole cut in one aide so that the rays may pass Uiroagh and form 
a InminouB oircio on a sheet of white paper ; and if then a second 
luminous circle be formed on another port of the paper by a beam of 
daylight admitted through an opening in a closed window-diatter, the 
orang»-yellow tint of the candlelight, contrasled with the whiteneaa 
of the other circle, will then be strikingly apparent. 

261. Order of icttotltn af dUhreal Ugkta flrMi WUteatss^-Tho red- 
colored light is produced by the slowest and most imperfect comboB- 
a the burning becomes intenser orange and yellow appear, 
and lastly, at the highest temperature, blue, which by mingling with 
the other colors produces whiteness. The diSerent illnminating sub- 
stances yield lights of varioDs tiutsj ftvra a dingy red up to white, ao- 
oordbg to tbeir composition and the various circumstances of combus- 
tion whiob we have noticed. Dr. J. HnsTza arranges the lights of 
iUnminating snhstanc«9 as degenerating from whitenesa nearly in the 
following order. Oil-gns, naphtha ; spenu oil ; coal-gas from thd 
heet coali wax, epermooeti, and stearins candles; vegetable oils; 
moulded tallow candles; coal-gas from inferior cool; coarse oil and 
dipped tallow candles. Campheae and kerosene oil will probably 
rank with the best gas, and a good quality of burning fluid with 
spermaceti candles. 

2S2. UlenlUa U Mm seen by Artlldil UgbL— It is well known that 
colon appear dlSereatty when illuminated artificially ttmn when seen 
Vj d^yli^iL This Is a necessary consequence of the difCeronoe in thft 
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I Mfs wlUoh &U apon them. As Banlight coataim a lor^e proportion 
I «f ftlud rays, and tuti£aial ligLt an excess of yelltne ray^, the; iDust 
I faievitablj inflaeoce th« oolor of eariacee in a different manner. In 
I frtificial light green has a yeUow bna, and blue ttima green from Uia 
I •X0OS3 of tho yellow rays; dark blue becomes purple and nearly black ; 
I •range, by reflecting its own conatitntent raja, appears very bright; . 
I yellow appears white, from there being no really white light to coQ- 
I trast it with, and red has a tawny color from the excess of yellow ; at 
I Ibe Bame time ail the colors except the orange are iniiub impaired in 
\ trUliaucy, and many of the deeper shades become qnite black and 
■ Wntbrei, fhtm there not being any pare white light reflected f^om their 
I nrfaoei, as in daylight, when even the gravest colors have a rotnark- 
I lUo degree of clearness and parity. Of conrse the appearance of 
I wlors by artificial light will depend directly npon its quality. The 
I vhit«r and porcr and nearer to daylight it is, the more bright and 
I mtnral will tlicy be; while the more colored and dingy the light, the 
I nore cbromatiu distarhanoe and perversion will it prodnce. 
I 263. Bow IrtUdal Ugtt alteU U« Eyei.— But the eye itself ia 
I affucteil by the nse of artificial light, as is ^hown by the following 
I ilmple eipcriuieot, suggested by Dr. Jambs Hcstbb. "Tie np the 
I left eye, and with the other look steadily and closely for about a 
I Binute at some small object placed npon a sheet of white paper, and 
I itrongly illuminated with ordinary daylight, hot not exposed to the 
I 4fa«ct rays of the snn ; then nncover the left eye and look at some 
I dMant white object or snr&oe, snob as the oeiling of the room, first 
I vith the left eye and then with tbe right. It will be found that there 
I b not much difference in ita appearance bb seen by one eye or by 
I fiie other, thongh in general it will be a very little brighter to the left 
\ ^e. After this, darken the room by closing the shatters, tie up the 
\ left eye agun, and then with the right one look at the same object 
B iibced on a sheet of white paper as formerly, bnt illnminated by a 
I lirge tallow candle or oil lamp, so that it shall be seen as distinctly as 
I II was in dflylighk Eeep tbe right eye fixed on this object for about 
r '% minute, BO as (o eiamine it closely and narrowly, then oitingiUBh 
I tbe candle or lamp, open tbe abnttera, and anooTer the left eye. 
I "When both cy«e arc now tamed to the oeiling, it will appear some- 
I what dim and indistinct ; and on looking at it flrn with tbe one eya, 
\ and then with the other, the difference will be very remarkable. To 
I die left eye, which had not been exposed to tlie action of the artificial 
B Bg^t, it will appear unchanged, or sometimes of a pale yellowish- 
l''<rhile color ; bnt to the right eye it will be e«ry din aiti <tf a darJt 
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ilue or parpU eolor. The effect produced upon the right eje in this 
experiment euou goes off; &nd though it alwajs takes place to a cer- 
tain extent when artificial light is o^ted, it is not mncli olwerTBd, 
beoanae as Iratli efss are eqaall; affected, the contract is not very 
striking. Bnt if an; oua will read or write by candlcUgbt for gome 
hoars with one eje closed, he will be rendered fiillj sensible of its 
very injnrions action, when he afterwards compares the etate of ooe 
eje with tliat of the other. 

254:. EipluutlM sf these ttkiit, — We shall naderstand these effecia 
by recalling what has tieen said of complementary colors (173). When 
the nerve of vldoa is exposed to a colored light, it ia uneqaally excited. 
The equihbrium of its action seems to be disturbed. It becomes less 
senstive to the ot>served color, and when the eye is atlerwards tamed 
to whit« olgccta, they do not appear white but tinged with tlie com- 
plementary to the one seen first. The continued action of one color 
teems to pai'slyze the retina to its influence, and produce an annatursl 
sensibility to the other colors, which, oombinod with that, compose 
whit« light. In the preceding experiment, the eye, stimulated by 
candlelight, in which orange-yellow ia in excess, temporarily lost its 
power of discerning white, and saw in it only the complementary of 
orange-yellow, blue or dork violet. 

205. Haw tUs my tqjan the BellHa,— Now the effect of this over- 
Btimulnting tlie nerves of vision tlirough eioeaa of red and yellow 
rays, on the part of those who use their eyea much by artificial light, 
is often to produce at certain points of the retina a total insensibiUty 
to those rays. The consequence of thi» is, that in dayUght dark Alms 
of a blue or purple color, which are oomplementary to the orange oi 
yellow color of the artificial hght, appear before the eyes. The pecu- 
liar color of these films ia not very obvious, unless Ibey are seen in 
contrast with a yellow or orange surface, and over tbton they appear 
very sonibre and almoat black ; bocftuse, in the peculiar state of the 
eye thalgives rise to their appearance, there always coeuds a certwi 
d^ree of dimiiiished eensibility to all the rays compodng wbil« 
light. 

256. Ptpsltr recegilUH sf the tftet tf dlhrcnt Coton.— There is a 
difference in the effect of different colors upon the eye, wiiich is 
generally recognized and variously eipresiMid. Thus blue is said to be 
ft very soft, cool, r«iiWny color; green is cool, though less so than 
blue ; yellow is warmer and adeaneing ; orange still warmer, and red, 
fivryt Jt"**^ and rzeilirtg, Tliis agrees wilh tlie viuw which regards 
blue and green m leaal hnrtfol, and yeUow, orange and rad as mora 
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tating and iqjurions to the eyes. An eiplanatioD of (heao different 
8 found in the wave theory of light and colors, which has 
n previooaly noticed (166). Vibrations of the red ray are larger 
i more foraible than thoie of the yellow, and the yellow than those 
I qf the blue, jost as the large and alow heavings of a swell npoD tho 
6 more violent and irreeistible than the smaller aod qoioker 
B:^i]ile- waves. 

257. DMt atMBptajIng C*lin. — The above cnrreot phrases in refer- 

le to the coolness and warmth of color, correspond perfectly with 

m distribntiOD of measored heat among the several colors of t^e 

•etroin. We all know that heat is associated with light ; bat it is 

t eqtially aasociated with each color that oompos«s the light. 

1 tho colore of the suabcam are separated and spread oat as in 

« ipectmrn, it is found that th6 heat U least intense at tlie blae, and 

^iBonatantly incroasea throngh the green, yellow, orange, and ia most 

f iBtonse in the red oolor. Tlias Ehblsfield foimd that while the bine 

a were at a teraperBture of 60°, the yellow were at 62°, and the 

at 72°. Thns the orange and red of common artificial light are 

ually more fiery and exciting than the abiieot blue rays. This ae 

I'^ompuDying heat is apt to be mnch more liyDrionsin artitioial than in 

■ Mtural liglit. The sun's ruys are seldom, tf ever, allowed lo (aH 

K^bvctly on a near oyect on which the eyes are to be employed for 

/ length of time, withoat having pravionsly nndergone repeated 

vfeflecUons from the atmosphere and olonda, or irom the soifaoo of tlie 

I pound and walls and fnmitnre of the apartment, which absorb a 

eat portion of their accompanying beat. Bat owing to the non- 

(aiffu»ed and concentrated character of artificial light, the rays most 

B generally allowed to fall directly on tho object looked at, from 

l^bich they ore reflected to Uie eye along with nearly the whole of 

ttair accompanying beat. 

808. The LaalMas MalUr tdig iHperfert, mtn «ut t« ued.— Tlie 

IS ettect, or as it is t«rmed the dining pover of light, tliat 

liinality by which we are enabled to sea minnte objects with the moat 

V'&tinctneu and case, is mnch less in artificial light than in the white 

\ 'Ught of day. This lower defining power of oronge-eolored light 

L'Siakea it necessary to inorcaee the amount of the inferior rays ; we 

^attempt to eompenaate fur deficient quality by eiceas in qnantlty. In 

■Moding by daylight the black ink la strongly oontrosted witJi the pnru 

yhite paper ; but by artificial light, as the paper has an orange or yi'l- 

?, the contrast U not so marked, and eo to aid nsiou, the qnantity 

t light ia Increased. In aevere, long-oontlnned, and nigbtty eserctw, 



DTJUBIOTTS ACnOTJ OF AKTmciAL UGHT. 

as In reading^ wriUng, flewing, type-Betting, &c., the injnrions oongB- 
qnenoes of impure light are apt to bo heightened by its excessive use. 
S69. CSrlMnle leld aOMs the Ejtb — Sunlight docs not poison the 
sir, artificial light does. In proportion to its brilliaacy and abnndance, 
the insidions narcotic ageat, carbonic acid gas, it generated and set 
free. The effects of breathing this snbatance will be described when 
treating of the air and ventilation (398) ; but it nlaj be remarked, that 
by its special inflnence in deranging and liisorderirg the nerves, it ia 
fitted to'concnr with those inflneaces which impair the action of the 

3d0. tasleadlMsg »t IrtUdi] Ught Injariou. — Siinl':ght never wavere 
or flickers ; its action iipoti the eye is equable and unvarying. Bnt in 
srtifieial iUnmination, as it is impossible perfectly to regnlate the snp- 
ply of ur and of combustible material, the light ia flickering and nn- 
Bteady. The glass chimney of the Argand barncr, however, produces 
the most constant and unchanging flame. The bad oflects of these 
snddA) and continual alterations in the brtghtncas of artificial light, 
may be shown by supposing that a minute object con be seen in light 
of 8, 9 or 10 degrees of inten^ty, bnt that the intermediate degree of 9 
is best .Now if snalight be used, as it flows in a perfectly noiform man- 
ner without sudden variatious, the retina and pnpil adapt themselves 
to its quantity, and (he eye may be long used without fatigue. But if 
artificial light of 9 degrees be used, it may at one moment rise to 10, 
and at the next fall to 8 degrees, from the flickering of the flame, so 
that the retina and pupil have not time to accommodate themselves to 
the change, and a degree of temporary biindnesa or impaired distinct- 
ness of vision, results, which ia very straining and fatiguing to the 
eye. To remedy this, the light is increased in intensity. If it ha 
raised, say to 14 degrees, then it may be rednced to 13 or rise to 16 
degrees, without immediate inconvenienco to the eye ; there being 
abnndance of light, its variations are \esa een^ble. This relief^ how- 
ever, is fraught with idtimate danger ; for the retina is too mncfa 
excited by this increase of one-half in the quantity of light admitted 
to It ; and this Btat« of excitement is bnt the prelnde to an opposite 
state, in which the sensibility to light is greatly, and perhaps perma- 
nently diminished (2G6). TTnateadineflS of the object viewed, if the 
eye be long and closely directed to it, is a sonroe of injury. It is thoa 
that much reading in railroad cars, where the trembling or incesMiit 
movement of tho print keeps the image in constant motion upon tl.« 
retina, has a bad infinonoe upon the eye. 

861. UlUsUl^DlMitatttalfrNitkeiklediiteirad.— Tbedistiiiot- 
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>f Tuion is interfered with, and the ejee nude to sofTer h; an- 
other importiukt t^iruumsUktice—tlia odmiBdonof ligbC iota the eve 
from other soarcea than objects to which sight u directed ; ia other 
ironla, the introdnctioD of extrancons light into the eje. Imprcs- 
doDs apoa the retina tnaj be diminiBhed and obliterated bj other 
rays faUtag npon it, which eicite the nerve more strongly. The moon 
at night, Its we all know, prodnces a Tirid impression npon the nerre 
I of viaaal sense. It prodnces procigely the same impreBeion In the 
I ,Aiytime, but thtrt the luminous image is eitingaished bj the over- 
] powering tight of the ran, so that we are not conscious of it. Whan 
re Dsing the ejes apou any object, all light which enters them, 
•t Jrotn that ot^eet, is injmions ; that ia, it has B blinding effect. 
[ Ihis is sbown by the greater clearneBB of objects seen through a tube, 
I where all the diffused and side-light is excluded, on the snmo principle 
y Aat persciDB see stars from the bottom of a well in the daytime.* Or it 
tnay be abown in anotbor way. Let a person stand before a gas-light 
In snch a portion, that in reading a book a considerable number of 
the direct rojs from the Same shall enter the ey& Let him then 
flBntioDsly reduce the light by tnming the stop-cook nntil the letters 
be no longer disttnguishcd. If he now shade bis eye hj inl«r- 
g his hand or a screen, so as to out off the direct rays, tbc words 
I Will again become risible, and agiun disappear when the hand or 
D is removed. This proves that when the eye is protected from 
the direct rnjs, small objects can be seen with less light, and coose- 
qnently with less injury to the nerve of vision. 

2. PreTalrate tf this same (T IbJvt— Upon this point Dr. Hcb- 
I .VXR remarks: "Tbongh the ii^nrions action of artificial light, in con- 
I Mqnonce of Ila improper portion, con be easily obviated ; it is oston- 
I iibing how little it is attended to, and how generally it is in operation. 
1 For the express purpose of satisfying myself on this point, I have 
I i^fisil^d a great many workshops, printing-houses, tailors' rooms, and 
I Mber places, and in almost every instance I found the artificial lights 
I placed olnso to, and directly opposite tlie eyes of those engaged in fine 
I work, reqniring the ezoeasive exertion of the nght, and frequently the 
I wisohief was increased by concave melaJlio reflectors, placed behind 
I -tiutead of around the light. Now that gaslight is so generally em> 
I ,yloyed, its improper posilion is a most seriuns evil : for as its intensity 
\ Mb tie »o easily increased In proportion as the sensibility of the eye 
I .'beuomes impaired, dew penons, particularly those who are igno> 
^nnt of the harm tbey ore doing, can resist the temptation to use a 

• HmisoLDT. hoiriTEr. qnuUuoa it itin are tirT tliiu 1MB. 



I 



permanont^l^^H 

'St s;aiptai|^^H 
Lch in hetdtS^^H 



I 



I 



mjuBiocs lanoH of axiificul uqbt. 

strongai' and strongor light, till at last their aglit is 
weakened or even (jnite iJeatrojcd." 

SG3. Bad Light nuj lobmc tlie EjN.— Tlie coiitinoed 
proper light apun tlie eja is liable to iaflame it. Tbe first 
is A reddeoing of the lining membrane of the ejelids, which u 
is of a white or pale rose-eolor. This mn; be observed bj geatlyj 
dnwing down the lower lid, when its eiirface will be seen injected 
with blood and of a deep red oulor. At first there moj be bnt litUe 
n the dajtime, but at night, when the ejos are employed 
on objects illuminated bj a candle, the; becoiae hot, watery, and 
irritable, the lids feeling dry, Etiff, and itchy, and cansing the patient 
constantly to rub them. The dryoess, after a time, may give place to 
a copious flow of bnming tears, whidi eafiuse the eyes, and pour over 
and scold the cheek. Sometimea there is an exoess of gummy and 
adhesive Koretiona, which dry at night and glue together the hds so 
hard as to require long bathing with warm water befoi'o thej can be 
opened. If this incipient inflaminatioo be unchecked, it may increase 
and rnn on to various form§ of disors"'"^'''"'' "'' ■' ""ay take the 
shape of a ohronio or uninanagcabla affection of the ejoa witliout pro- 
daoing blindness. 

204. TBJUtVid iHcnM l> lh» MUlHlltTitr theRctbu.^Iatbepreoed- 
ing caae, the disease is locatfid in the estemal or image-forming por- 
tions of the eyo, bnt the bad management of artificial light is apt to 
engender a &r mora dangerous and intractable form of diaeaso, whidi 
flies itself upon tlie imag»-fceling parts — the retina and optio nerve. 
The eioeasive oh of impure light, by its unequal action, excites and 
stimulates the nervea of vision, producing an nnnanal irritabHitj' to 
light, and a low degree of inflammation of the retina. Moderate light 
becomes unpleasant, and the indiridua!, after looking steadily at some 
olQect for a few minotes and then dosing the eyes, or putting out the 
light, appears to see still before him quite a distinct representation or 
image of the ubjeet, wMch may last for tn'o or three minutes, and bo 
variously colored or paaa through a suoceasion of colors. It movesi 
but its motions ore in opposite directions to those of his eye, for it 
paasea apwards when he looks downwards, aud sinks downwards when 
he rolls bis eyeballa upwards. It is caused by the morbidly increased 
Hnsibility of the retiua, which retains the impressions of light for » 
greater length of time than when it is in a healthy condition- Thia 
state of the eye is accompanied often dnring the daytime by a dull, 
heavy feeling in the forehead, hardly araonntiug to pain, bal caoeing 
the patient frequently to pass his baud across liis brow, and iu read- 
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bg or Tfriting at nigbt, there is an nnpleasant sonso of distension in 
the orbiU, with an increased flow of tears and freqaent twittering or 
qnirering of the eyelids. Brilliant flashes of 6ro are seen, pnrtiuo- 
larlf when the eye is tonched, on Ijing down, and aft«r reading, writ* 
lug, or sewing for some time by artifidal light. 

S9S. DecniHlB Mntu MadkUltr— IppearaaM af dirk ■!■«■— This 
condition of eiceasive irritability may eootinno for months, and then 
be followed by others totaily different, and indicating a diniinislied 
•onsibility of the nerves of vision. This is evinced by the appearance 
of dark spots or films floating in the air. At Grit bnt one film appears 

ureeaoh eye, which ia aeen only fora moment, and then darts away, 
■hoHly to reappear. But afterward their nnmber ia increased, they 
appear oflener, are larger, darker, more opaqoc, and oontinne longer 
virible than at first. Tbcj eoioetimca look like cobwebs, or flakes of 
•out, or bunches of fnr-down. They often resemble large-sized leaden 
■hot, or miotite and transparent globnles, looking like drops of oil opon 
Uie Borface of water, and, connected with each other like tlie links of 
a oLiain, float slowly throagh the air. These appearances are known 
by the doctors as miitca roUtanUt; they are probably connected wiih 
morbid conditionti of the nerves, but how we do not know. 

see. PataiTda of t>a aerte af tMo«- -.tmaartab. — Tbeao appearance^ 
in tliwr leag marked form, are quite common, many eyes being anbjeot 
to tliem, and they may occur for a long time withont getting worse, 
■ad unaccompanied by positive dii^aao. But when they appear as a 
dense, opaque, stationary film, which interrnpta and obscnros vision, 
the symptoms become very alarming; there ia danger of palsy of tlie 
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To the casool ob- 
r, the eye, nndcr the influence of this malady, appears perfoclly 
- well, tliere being no external evidence of disease. Bat when o 
seated, ita efl'ects may be aeen in the irregular shape of the pupil, 
■which loses its roundness while tlio motiona of the iris onder Iho ii 
fiaenee of varying light, become slnggish and imperfect, or are alt^ 
gethor lost. Objects appear olonded in a thick mist, and the air somo- | 
times seoma filled with sparkling, glilteriog points. In the final 
stages of amaurosis the pupil is very mach dilated, the sight ia impaired 1 
or quite gone, and the eye baa a lustreless, dead appearance. As tli^l 
disease advances pain ceases, the light, instead of being disagreeable^ 

tas at first, con hardly he {iroourcd at sufficient intensity. The patient J 
resorts to spectacles of a high magnifying power, which condense « \ 
great qnanlity of light upon the palsied nerve of vision ; these maj 
iflbtd traaident aid, bnt do ultimate li^ury. This disease may require 
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froBB ■ few montlts to several y eats to tva 
«M regarded w incurable. 
S6T. Wka an ■«! n%(t to aaaaiMk ilMMC — AoMiirDsis maj arige 
froai other omees than the improper dm of ftrtifidol light, but Dr. 
Eluott states that nearlj two-tbirdd of all the cases of this diseaaa 
whiah are met with in practice, occur in tho«e irho ose tbelr ejea 
mndi bj artifidal li^t, such as literary men, stadeato, compoators, 
tailors, seamstreesee^ alioemakera, engrarers, stokers, glass-blowers, 
&C. He also remarks that some iudiridnsb ar« more liable titan othera 
to suffer from the iigonoos actioa of artificial light, particolarlj 
of a loir complexion and with gra; or light blue ejea. 
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SGS. ElMaf erwud glass SbadM.— We hare stated (361) that 
light whith i9 more intenfethaa that coming from the object 
iloulcs the ere and weakens the impression of the object, cansng it 
to appear less clear and distincL To cot off these bliading raja from 
the flame itself tranalncen t seroenB of grotuiil ginas, called tAada, globe- 
shaped, or of anj other dcairablo figure, are made to surround the lu- 
minary, and have the effect of deadening the light inasurpmngman- 
nor. The outline of the flume disappears, while the rays of light come 
from the suriajse of the globe^ which thus appears wlf-luminoim, and 
oinitfl a diflhsed and softened light. As the rays cross each other at^ 
aH poiulB, and are scattered in all directions, objects near by throw, 
only short, iiidistiQct shadows, and there Is a general and equal iUomi^ 
nation. These shades should be used whonerer it is desired to rereai 
to the beet advantage the objects of a room, bat where the vi^on is to 
be specially exerted upon particular things, their use is nnfarorahle, 
as by diffusion there is considerable loss of light. Objection has been 
made to the employment of gronnd glass and semi-transparent white 
ware shades, on the ground that by scattering the light they expand 
the imprcsKon over a larger surface of the retina ) but as the image en- 
larges in area, it diminishes in intensity, which is desirable, onless tha 
eye is constoiilly engaged in the scrutiny of minute objects. 
a 2G3. new la toUect tbe Light— Kefleetars.— It is apparent that the r^i 
diatioD of light in alldirections, is favorable to the eqnal illumination d^j 
otjects distribnled in all parts of the room. But when we desire t& 
view oloBCly miuuio objects, as in reading, writing, sewing, Ac, it it 
necesHnry to concentrate npon tlio point of observation tho light whiohj 
woold be otherwise wasted by general diffusion. To oolleot the rv%{ 
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I nd direct tliem to the pnrt whore thej arc reqnired, conical shades or 

I .teflectors, of tin, paper, or sumo other opaqn« gnbatnnee, and uau&lly 

I pollaliedor whitened on the iuside^ are made to Burronad the Saine. 

These not oalj protect the e^es trom the glaring rays, but direct iovia- 

vardB that which would escape ia other direcUoua and be lost. 

3T0. Blie BIudM t« Mppl; tbi nlmlBg nj%, — To remedy the defects 
I which arise from the bad composition of artificial lifipht, sorcral expo- 
\ dieots Iiave been gog^sted. It is proposed to snrronnd the Snme with 
I I oonioal ahade^ the inner side of which isskj-hlue. As the light that 
! Dpward, folia upon thia surface, ita red and yellow colors are 

■ ibBorbed, and the fen blue rays which it contained, being thrown 
I downward by the eloping aides of the reSector, mingle with the 
I Olrftnge liglit, proceeding directly from the flame, and improTe the bad 
i •olor by impartiog to it a higher dt^ree of wbitenc^. As in thia 

le a portion of the reddish yellow niya are absorbed, there ia a loss 
I of light. If a common white reflector is nscd, more loioinoos matter 
I (■ thrown down than with the blue shade, and a stronger illaminstioa 
f ll produced. Dot, with a blue reflector, altboagh tliere ia less bril- 
I Baney, the light ia whiter, purer, and has a higher defining power, 
I irilile it ia cooler, more ngreeablo, and less injurions to the oyea.* 

3T1. StntUrc and ■anothifc •( Ihese Bhadu.— Shades of briatol-board, 

9 etrorg paper, or Bilk, may bo made by n ai 

tny one. The material is to be cat into 

ho shape eihthited in Fig. 64, and then j 
I llie edgea, a a and b h, are to be united 
Ito each other, which gives rise to the I 
I'Oniical Btmcturo shown b Fig. 65. This 
f ^y be monnted upon a wire frame, 
I'Vliicb i.s to be hooked on to the glaaa 
l4liimoey,or ground shade, or in the ab- 

£ce of these, a wire framework may be sapjiortcd by the body of 
lamp. If the reflector be made of metal, as tin or copper, it may 

■ be sustained either in the way described or by a tbreo-branohod snp- 
f port, screwed oa to the bonier. Reflectora are ,„ m 

■dapted to condlea by atlaching to the candlestick 
, an upright brosa rod, on which the reflector slides, 
I being fixed at any point by a thomb-scrow. This 
I ll shown in Fig. 60. 

.Hew blae Kelrctora sbaaU be Mbrad— The " 
rt pure and nncliangeable blue color is ultramarine, and this ui beit 

L T, HicaBvODT, or ISO Brotiwtj, N. T.. Ainilihii UiHe ibadM. 
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adapted for pflantiiig tlio inner snrface of shades. PmsMan-blne d&- 
composes and tnraa green by ei|>i*iire to tbe heal, and other coloring 
,_ „ nifttlers are iiable to fade or change. The colored 

sarface should be smooth, but without gloss or var- 
nish, tlie sarface appearing dead, or, as it is techni- 
call J termed, ' flat.' 

273. irtlflrixl LIkU wUtened by aburpUoB.— Bine, 
transparent media absorb the yellow and red raj's, 
and transmit oiilj lliose of blue. If the glass ohim- 
nty of a lamp be tinted lightly and evenly with a 
mixture of ultramarine and mastic varnish, the of- 
fensive orange will be separated from the light as it 
passes through, hut at the expense of its brilliancy ; 
thore will be much less of luminoos matter. But if 
a polished tin or silvered reflector be employed to 
collect tlie rays, it will throw downirard t, beautifiil 
soft white light. If the light from a luminary which 
iseurmonnled by a while or polished reflector (Fig. 
' 07) be inndo to pass throagh a ghiss globe filled with 
_ uiMo. „m^r whk'hhas been slightly blued, its color will be 

H improved, while to (■ompensato for the loss of luminous matter ab- 

^M ?ig. n. eorbcd, the spherical form of 

r 
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tho waler-bottle will serve t 
converge or gather the rays so 
as greatly to increase their illo- 
minating power, at the point 
niion which tht-y fall. Mki.Lo- 
m has proved thnt when thft 
rajB of artificial light ore passed 
throngh even a very tliin stra- 
tum of water, their heating 
power is diminished by eighty- 
nine per cent., but with little 
increase in the temperature of 
the water, in consequence of its 
great capacity for heat (49). 
The water-globe thus tnuismita 
a cooler as well oa a whiter and 
[ tbani or ^^^^^ j.^^^ ■ Ln,,jp.gi^be8 made 

of flnSB, slightly Unci! in ita composition, woulil be very desirable. 
274- Colore* glasau for Spettadta.— The iadisoriminate nseof these 
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b altogether objectionable Thuy place tie eyes in verj unnatoral 
conditions as regards the light, and if their eniplojmeiit ifl persisted in, 
ft impnira their teiiBibilily to Iho Ime relationa of color, and olherwifle 
injures them, as wo buTe jnst Men that artifii^ colored light Is abk 
to do (2G8). If wo lixilc throagh a glaaa of ODf color, the effi^et is, that 
V-lien it ia withdrawn, the eya seea all objecta tinged b; its compte- 
menUry. As the colored glass onts off a large qountlty of light, its 
removal prodocoa a snddon and injorioDB impreasion. Tiunt blue 
glasses may be servieeable in using artiflciol light. Colored glasses 
absorb and accnmnlsto the beat so as in many coses to be disagreea- 
ble. Their bad cffectsore more marked, as it isfor 'weak' eyesthat 
they are generally commended. Tboy may, ot limes, be of serrice to 
protect the eye from an intense glare, as of «now or the unrface of 
water in snnsbine. Gray glasses, or what is called a 'neutral tint, ' 
that is no partienlar color, are perhaps best ; they ahonld not be of too 
dark a shade, 

2TG. I> GH-Ughtt^Jirionl— There is a prejudice agiunst gas-light, 
as being the most injorious form of artificial illmnination. Aa against 
tbo proper and well- regulated use of gas, this prejudice is entirely 
'groundless, bnt there oan be little donbt that from its abuse and bad 
management it is really doing moro mischief than any other kind of 
light; its very excellencies are tamed to bod aouount; its extreme 
cheapness, compored with other soorcea of illumination, naturally loads 
to its use in excessive qnantities; floods of light are poured forth, so 
tliat persons may read and mw for hoars togetlior in the remotest cor- 
ners of the room. The air is heat«d by the eioes^vo combustion, and 
poisoned by large qaontities of carbonic acid, which there are no means 
of removing, Theeye is unprotected fi'om the glare by screen or shade ; 
k^extrnoeoiui light is freely admitted, which obsoares the imprceriou and 
I* itraioB the nerve of vision, and in proportion as the seosibilitj of the 
eje ia impaired, atronger light is used, whiuh gives temporary relief^ 
but with danger of ultimate and permanent injury to the right. On 
the other band, good, well porifled gaa, judioionsiy controlled in ao- 
oordonce with the hints we have given, and others to be offered in the 
next luvt, is perfectly harmleM (860). 
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L— PROPERTIES AND COMPOSITION OP THE ATMOSFUKRE. 

276. Put It pUfs In Ihc Mbene of Natire— II is isipoHsible to ood- 
template tlio wonderful propertiea of the atmosphero without a feeling 
of profound amaxeinent. Whether we regard it ns the grand medium 
of water circolfltion, through which rivers of Tfipor litlcd from the 
e carried laodwnrd, to be condensed and chanael their waj 
bock again to the Hen ; or aa the scene of tumaltuoua atorniB, generating 
the lightnings within its bosom, and taking voice in the reverberating 
thncders ; whether as hanging the londi^cape with gorgeous doud- 
pictures, or as tlie vehicle through which all melodj and beanty and 
fragrance are conveyed to the portals of aenae-~it ia alike strange and 
interesting. But when we glance at its deeper mysteriesi, Ilioao inti- 
mate relations to life which have been disclosed to modem science; ' 
when we consider that the vegetable kingdom not only bus the same 
chemical composition as the air, bnt in its mass is actually derived 
from it; that the whole architecture and physiology of trees, shniba, ' 
and plants, are conformed to atmospheric nutrition, so that la literal 
trntb the forests are but embodied and solidified air, the snbject rises 
to a still higher interest. And more startling yet ia the snrprise when 
wo recollect not only that tha materials of our own bodily Etmotnre^ 
derived from vegetation, Lave the same atmospheric origin ; but that 
active life, the vital onion of body and spirit, and all the powers and 
■usccptibilities of our earthly being are only miuntained by the action 
of air in onraysteras;^ — air which we inhale incessantly, day and night, 
from birth to death. There is an awful life-import in these nevep- 
ceasing rhythmic movements of inspiration and expiration, this tidal 
flux and reflOK of tbo gaseous ocean through animal mechanisms. 
Shall we queetioa that it is for au exalted purpose t Bcieoce has man; 
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QdngB to ebj of the reliiiions of air to life, bat it can add nothing t« 
the fdmple granduur of lio primeval sWtcuient, that the Crentot 
"breathed into his nostrils tliu breath of life, and ama became A 
living son!," 

277. tir ■ ■alerU luDIr— lb pnaaun. — Tbd atmosphere h so thin 
and invisible, and bo 1010115 unlilie the objects llmt present themaelves 
to oar moat impressible sense^ that we are naif inclined to forget that 
it U a realltj', and are too apt to think of it as being more empty space. 
Yet it consists of ponderable matter, and is heavy, jnst like the solid 
resisting objects whtcli we seo and handle, and it presses down npon 
the groond with a force proportional to its weight. Upon ovoiy 
square inch of tbo earth's surface there reata abont 16 lbs. of air. 
tipon the bod; of a medinm-siBcd man, having a sorfooe of 2,000 
e'luore inches, the atmosphere exerts an external cmsliing force of 
S0,000 lbs. But there is ur also within the B]retem which exerts an 
cqnal outward prossnre, and thus prevents injury. The presanre of 
air Q|)on the body is not the same at all times. Tliere are Udea in tt, 
Just as there are in the ocean, great atmospheric warM which regii> 
larlj sweep over the earth and canae the weight of the atmosphere to 
rnrj-. Winds and storms prodaoe similar effects. These variations in 
atmospheric prewure are mcasnred bj the barometer (GO}, and they 
are so condderable that a man's bod; may sometijnes have from ono 
to two thousand pounds more preasore npon it than at others. Of 
coarse, as the preasure npon the air increases f^om above, more of it 
is crowded into the same space, and it becomes more dense. The 
moximom height of the barometric column, therefore, corresponds to 
the greatest dcnsitj of the air, and a low condition of the mercury to 
raritf of the air. 

97B. Weight af iirl«M ■uks of llr. — As the air is thus ponderable. 
It is desirable to obtain delinito ideas of tlio proportion I)etwcen ita 
bulk and weight. A cnbio foot of air weighs 533*1 grains, or some- 
thing more than an ounce. ISilS oabic feet weigh 1 lb. Abont 06 
cubic foet of idr furnish 1 lb. of oxygon. An apartment 6. feet high, 
13 wide, and 13 long, contains abont 100 lbs. of air; and a room 40 
feet square and 18 foet high cont^dns about a ton. The atmosphere is 
estimated to be 40 or GO miles high, bat the great mass of it lies cIohi 
to the earth, as it grows very rapidly thinner and rarer in ascending 
from the earth's surfaee. Indeed if it were all the way np of the 
same density as that which we breathe, it would be only about liv* 

cs deep, jnst snfficient to cover the highest nionnlains. 

379. EACH af nrjIaK pnwc sf tbs Air. — Every variation of U- 
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iDOspherio pressure rnoBt decidedly inflaence the state ef the budf, 
modifying, as it were, the tention of the whole fabric, afiectuig the 
pores of the skiD, the cells of the longs, and llie circolationa within 
the system. Tlie constitntiona ef ifianj iuTalida, especially the astli' 
inntic and consiunptive, are nodoubtedly mncb influenced by changes 
of atmospheric density. As the barometer falla and the air beoomea 
lighter, the tendency to ^apomtion from all snrfacea, and the amonnt 
of expansion in all the more compressible tissnes increaees. As the 
lungs hare a constant capacity, and couseqaently receive tbe Bame 
bnlk of sir at all times, it is clear that the qnantity taken into these 
organs to act upon the blood will vary with its density, there being ot 
conrsc more matter in a chcst-fnll of dense air than In a chest-ftall cX 
light air. Buch changes, which powerfully influence the general rata 
of action widiiD the system, most aSect the mind as well as tbe body, 
and assist to explain the fact tliat " persons are often joyfol, sullen, 
sprigblly, hopeful and despuring, according to the weather, while 
there are days in which the fucultiea of memory, ima^aation and 
judgment, ore more acute and vigorous than others." Every alter- 
ation of on inch in the mercury of tbe barometer adds or removes • I 
weight of 1,080 lbs. from the average weight which a man of common I 
etature sustains. The effects of sadden alterations of this preomre, aa * 
when the barometer is subject to rapid aud extreme variations, often 
appear in the shi^w of headache and apoplexy (7T9). Yet in this, oa 
in numerous other coses, it is remarkable to what diSerent states the 
system can habituate itself. SAUsemE, at tbe summit of llout Blanc, 
had scarcely sufficient strength to consult his instruments ; while at 
heights scarcely inferior. South American girls will dunce all night. 
The iuflnence of flactaating pressure of tbe air is of great importance 
to the inhabitants of low, swampy, malarious districts of country. 
Tbe amount of exhalation and effluvia which rise from the ground 
depends much upon atmospheric pressure. When the air is heavy, 
these substances are, as it were, confined to their soorccs, that is, they 
are libera^eil at the slowest rale; but as tbe barometer falls the pres- 
sure is ti^en off, and the miasmatic emanations rise mndt more 
freely (30!). 

380. Of what tbe llr U MBpOMd. — Now we con study all about at- 
mospheric pressure, and many other things concerning the rir, without 
ever asking what it is made of; but before we can know why iti 
is that animals breathe, we must understand its chemical properties. 
We hsTO referred to tbe constituents of air in connecfion with th» 
subject of combustion (74;) ; we are now to eiomiue U* Mmpoeition 
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and endowTQents more full; in relation to life. Tlio atmofiphero con- 
B of foQr gnliEtonccs, — a pair of elemenU, nitrogen and oijgen, 
and a pair of eompounda, carbonii^acid gaa and rapor of water. Dr; 
containa by weight very nearly 7T per cent of nitrogen to 23 o( 
oxjgen. The proportion of moistore in the atmosphere Turics with 
the temp«ratare ; when saturated at E0°, it contains about 1 per cent., 
and it has on average of about l-2000tb of carbonic acid. These pro- 
portions aro thrown into visible form bj the diagram fHg. 08). In 
tdditJoQ to tbe»o definite and suble elements, of which the atmosphere 
b QniversoUy composed, varioos gaseous exhalations &om the earth 
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OonstcntljT enter It, though so minnt^lj aa generally to elude detection 
ftnd identification. Lixaia has shown that a trace of ammonia ia 
•I ways present in it (309). 

281. laluHlxtare, u diffailti aT Cbms. — These gases have difibrent 
weights. The oxygen is slightly heavier than the nitrogen ; tlie watery 
Tapur is much lighter than either, and the carbonio acid about half aa 
heavy agnin aa tbe air itself; It might seem, then, that if tliey were 
mingled together they would gradually separate and arrange them- 
mItch in distinct layers, the heavicat at the bottom and the lig^ttf 
above. Some works on ventilation have actually stated Buchlo bo 
the rase, and that when wo brcsthe out vapor of water and carbonio 
add, the former rises while the latter descends. One of them re- 
marks : " were these different portions of air as they come from the 
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longs, of different color?, we ehonld, in a perfecll;' still atmoepher^ 
M« the etream diTid«d, part of it bUing sad part ascending." Thii^ 
of course, is not true. If sncb jrere the bet, if gtsea tended to 
amnge themselTee in tlie order of their grsTities, and there were bo 
tmiveraal and inflexible law to prerent it, the carbonic add of th« air 
might elowlj sank to the «aztb, and form a deodlj strstani 10 or IS 
feet deep orer its entire snrfa**, ot fill np all its rallejs with treaohavua 
Invisible lakea of aerial poison. Bot sncb b not the tendency of 
Uiingi. Gases brooght together, no matter what their difi^rent 
wdghta or Torjing proportions, diffuse thronghont each other m aa 
to become perfectly and equally commingled. Heavy gaaea will riae 
Bp to mix with lighter one^ and lighter gases descend to rain^ with 
thoae that are heavier. Aa a consequence of this important law, the 
proportions of the atmospherio gases to each other are kept eztretnely 
nnifbrm, being ecaroelj, if at all, inflaenced by season, climate, wind, 
weather, or even the falobritr of the lur. How benign and admirable 
ia this provision of nature, by which, withont being aware of it, we 
are relieved at every instant of a deadly though invisible poison, the 
proce^ coDtinoing as ivell dnring sleep sa while awake, and lAlung 
place aa perfectly for the onconscions babe as for the matored man. 
This groat law secnres the nnity of the atmoephere. Its ingredients 
are perfectly mingled and equally diffosed throDghont each other, bat 
not themkally eombined^ so that in breatbiag, althoogh we separate 
the constitDenu of the mr, we do not have to chemically decompose 
it. When we apeak of air we me-on the mass of commingled gases 
acMng together; yec as each constitnent preserves ils identity, and 
prodoces its peculiar efiecta, it is nece^siiry to conader them 
separately. ^^^ 

U.-EFFECTS OF THE COSSTITDESTS OP AK. ^| 

1. KiTBOGES. 

S8S. This gas seems to take no active part in breathing; it 
passes ont of the body as it entered it, without being changed. A 
Are cannot be kindled in it, and an animal breathing it qnickJy dict^ 
though not from any poslive noxions effect which it prodnces, but 
rather from aanC of sometliing else. Nitrogen is a negative or inert 
anbstanee, its chief nso being to dilute or temper the other 
gredienta of the air to a proper degree of strength. 
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flnenee of tliia agent we can horo apeak bat briefly, aa the anbjeot will 
have to be considered again more {al]y in treating of tlic action of 
ftioda. We bovo noticral that Dxjgea ia tb« Mtive agent iu combus- 
tion, so it is also in breathing. It is on account of what it does in our 
■jsleui that iTo respire the atmosphere. The air entire the Innga 
'through the windpipe and bronchial tnbes or air passages, as seen iu 
Fig. SB. It fills and distends the numberless little cavitiea or air-colla, 
\rh)ch are enclosed b; these membranes, and overspread with the fioest 
-network of capillory blood-Tcasels. Oiygen then penetrates or passes 
■through the delicate membrane and enters the blood, imparting to 
It a bright crimson color, and nishbg forward with it throngb what 
i> called the pulmonary vein (Fig. 70) to the heart. It is eaiimated that 
the loogs contain, on an average, 220 cubic inches of air, with an 
Inner taembrone snrfaoe of 440 
aqnore feet, nearly thirty tamea 
greater than the whole exterior of 
the body.* This vast eitenrion of 
nufaee is to secnre the largest and 
most perfect opportunity of action 
■nd reaction between the nir and 
blood. From the heart the blood 
passes by the arteries to all portions 
of the body. Thcee arteries divide 
nd subdivide until they are reduced 
in size to the finest hairliko tabes, 
' which ore [lonsely intor laced throagh- 
iQOt all the tissues of the body. ^ 
The arterial chonuela thoe represent i 
■troamH of oxygen flowing team the I 
fcng fonnUins to every portion of ] 
the system. In this way each mi- 
snt« part of Iho living fabric is in 
direct communication with the ei- 
temal ur, that it may receive from 
It the agent npon which it imme- 
diately depends for the performance "ehW la^ Vr ^I'pl^d '; '. iuW"" 
of its vital offices. This system of 

arterial current^ bearing oxygen /rem the air to every portion of the 
qrslcm, impli»S9 a set of oonntcp-currents to drain oflp tlie poisons gen- 
Brated within the body, back into the ait. This is the duty of the vcini 
« venoofl system. In the accompanying dtagmm (Fig, 70), the flno 

Br et tirttOt lo tho two tonm *t I,T«,(Wi)J»*, 
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381. What OijEtn dtes la tlie itij. — Tbe parpose of thU iaceesant 

inlioning streoni of oiygon, is to carry fiirward llie great operations 
of tiie vital economy. Oijgon has a wide range of cliemioul attrac- 
lione, and combines witb other elementa with int^ose energy. It it 
le orer-lttboring, tireless Ilarcalee of the atmoephere. As il kin- 
dles and maintiuns the combnstioa of our fires, so it does onr bodily 
vitality. Tho mnacles are oalied into action throngh decoaipoation 
by oxygen, and aa with the musclea in tho manifestation of mecbani- 
cal forc«. so with the brain in the exeraiw of intcllectoa! power. Tbia 
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organ is on an aversge oolj oboat ^ die weight of the frhole body, 
yet it receivM from Jth to j'jth of the entire oiygenated stream frfim 
tUe langB and heart. A tcijent of oijgen ia thua poured incessantly 
Into the material apparataa of ihooglit to carry forward certiun phjrio- 
logical changes npoa which thinking depends. If the arterial s 
bo cut off from a muscle, it is paralyzed ; if it he slopped from the brain, 
nnooDsciuusness oocnra inetantaneoasly. In proportion to the activity 
of muscle is its demand for the deatractire agent ; in proiwrtion also 
to the activity of the mind is the broinward flow of arterial blootl. 

286. Eftda tf Tirfliig th« qunlltr «r rMpIrtd Oxts'H' — If tm auimal 
be deprived of this gas, it dies at once. If man undertake to breathe 
* loss proportion tlian that naturally contained in the air, the eflcot b 
dopreaiiou of all the powers of the coustitntiun, physical and mental, 
to an eitonl corrospondiog with tlie deflciency. If the niitnra] amunnt 
ho incroaaed, there ia angmeotcd activity of all the ttodily functions, 
the life-forces are exalted, and the vita] operations arfi driven at a 
preternatural speed. If pure oxygen is respired, the o\ei action and 
fever become so great that life ccasea in a short time. Nitrous oxide 
{latighing gas) is a compound rich in oxygen, and when presented to 
the blood it absorbs a much larger proportion of it than of pore oxygen. 
Hence, when this gas is breathed, the blood drints it up rapidly, and 
the system becomes so saturated with it as to produce the most remark* 
able effcct& The muscular energy is so aroused that the inhaler is 
often impelled to extraordinary feats of exertion, and tho Intcllectnal 
powers are excited to a delirious activity. 
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S. MoiSTUBE. 

380. Hew nndi ■oislnre the llr tontalu. — The third constant ingr« 
dient of the air is moisture, derived from evaporation upon tho earlh'l 
surface. Tlie iiuanUty which the air will hold depends upon its tem- ' 
peruture, and hence flnctimtcs greatly. At zero a cnbio foot of ui 
will hold but-18of a grain of watery vapor; at 32° it will contain S'30 
gr».; at 40°, S'OC; at 60°, ■i'24; at 60°, 6-82; at 70°, lU; at 60% 
10-73; ntOO", 14'8B; at 100", 19-13 grains, and as the temperatnre 
goes higher still, the eofUMify for moisture also increases (SOS). AfUx 
lite air has imbibed its dae quantity of vapor, at a given temperature^ 
It is then said to be laturaUd, and will receive no more unless the heat | 
be increased. To better appreciate how roj.idly the capacity for moist- 
ore augments, as the temperature ascends, we will stale the proper- 
tious in another fonn. A ^nautity of ur abaolotel; aatorated at 82V 
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holds in solucii 
weifbt; at 59°, 

28T. CiidlU«u •t tbe irjimg powtr sT (M Air.— If, wliea the 
Bfttiirated, its temperataro falls, n portion of its rooislure is preeipilated, 
that is, it does not remain dissokeil, bot appears in drops of dew. 
TUoB a cubic foot of air, saturated at 90°, if cooled 10° would deposit 
8-5 grwns of water. Until it ie saturated, air is constantly absorbing 
moisture from all sonrcw whoDce it can procure it A cnbio foot 
of air at 90°, and containing bnt 8 grains of raoistnre, is capable of 
absorbing 6*3 more, and Uiis is the measure of its drying pou 
Waterj vapor is lighter than the air, and when mingled with it 
oroBBes its levity in d degree proportional to its temperatcre. This 
one of the cauaee of the ascent of breath expired by the lungs, at Qt9 
temperatnre of the body. In drying-rooms and lanndries, if ihe opea- 
inga for the escape of hot air be at the l)ottom, as the air gets eatarotod 
with vapor it becomes tighter, and rii^ing, fills the room and stops 
the evapbratioo. If the opening be at top ttie loaded air rises and 
eecapes, and the drying will be observed to commence at tlie bottom. 

ass. ■•latirclatlMAIrftfBWHU— Deir-pclBt. — It has been explained 
that the temp«ratnre at which air is saturated, and iMgins to condense 
its moisture in drops, ia called the deie-jiQint (Si). When air containa 
BO much moistore that its temperature needs to decline but little l>o- 
foro water appears, the dew-point is said to be high; when it must 
lose mach heat before drops are produced, its dew-point is hra. I 
with a high dew-point, is therefore moist, while that with a low di 
point is always thiriity and drying. A simple means of finding 
the dew-point, and ascertaining the drying power of the iiir, is 
follows: — Note the temperature of the air by a thermometer, taking 
core that Uie inslrtuneat is not influenced by the radiation of any 
heat«d Imdy in its vicinity. Then introduce it into a glass of water 
utd gradcoUj add « little ice, carcfidly watching for the first ap- 
pearance of moistnre on the outside of the tnmbler. The tempoi 
tare at which the deposit commences is the dew-point 
difference betveen it and the temperatnre of the 
drying power. If tlje air is at S0° and moisture begins to be 
densed at 40° its drying power ia 20 degrees. M&bo.n's hygrometAE 
is a little instmnicnt which indicates the dew-point without trouble 
It has two thermometers, one of which gives the temperatnre of 
the air, and the bulb of the other, connected constantly with %■ 
remrvoir of evaporating liquid, is kept cooled, and gives the dew-' 
point; so that the amonbt of homidity in the air ia seen at a gl 
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by coiuporing tlie two scales; — cost, trom 3 to 6 dollare. From obsar- 
Tations made at Wnaliingtoa through June, Jnly, Angost, and Sep- 
tember, from B to 3 o'clock of tho day, the dew-point was, on od 
avpntge, 11° below the teinperalnre of the air, and Botuetinies mora 
than 20° below. The air is always dampest near the gronnd; a 
(Itfiurcnco in height of 60 feet, in the same eiposure, hna been known 
to make a difference of lOJ degrees in the dew-point. In our honse^ 
we are to imitate as far as possible the external conditions of the ajr. 
As the temperature of freshlj drawn well water is about 60°, a Tosael 
containing it should receive a deporit of- moisture when brooght into 
otir rooms, if they have a temperature above 66°. It is very rare that 
any such deposit is seen in apartments lieated by a hot-air fomao^ 
•veo if a consideraV.e quantity of water is evaporated. 

889. How doakis Windows alfett the naistire of Eoonu. — Glass sky- 
lights often drip moisture upon Ihoso below, and wo see it eopioualy 
condensed in winter upon tho windows and trickliug down the panes. 
This is often mistaken for a symptom of nbnndant humidity iit the air, 
bat it may occur when the air is extremely dry. When, as iift«al 
occnrft, air witiiin a room is at 70* or 80°, while just outside th« 
window-glflss it is down to freezing, or below ; the inner layer of air 
next the glass will rapidly deposit its water, and tlien falling to tbs 
lloor will be succeeded by other air (887), so that the window acts as 
a perpetual drain npon the moisture of the apartment It is ufteu 
impossible to maintain tbe mr properly hnmid on this account. Peo- 
ple are misled by this copions deposit of dew npon the gloss, and it ia 
hard to convince them that tbe air is deficient in moisture when they 
can Me it condensed npon the windows. We have referred to double 
windows as a means of saving heat, and we might have added that 
they are equally serviceable in snmmor to eiclode its excess of heat; 
the enclosed air acting just as well to bar out the heat of the warm 
season, as to confine it within, in cold weather.* But double wiiv* 
dowB also prevent tbe deposit and loss of mobtnre from tho air in 
rooms, and in this respect tbey are roost usofti]. Glass is not essential 
to their oonatntctioa, where we require only a diSiised light; whitg 
cotton cloth stretched upon a suitable frame and rendered imporviona 
to air by linseed oil or other preparation, will answer equally as well 
for preserving heat, and be much less expensive. 

SeO. Sita af EraporatlM. — When dry lur is exposed to ft sonroe ot 
moistnre, a considerable time mnat elapse before it will become sata- 
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rated. The diffusion of vayot into hot air » mach mora rapid 

into thnt which la lolder, but it is not nt al] inEtautaneoas. 

njwiBi.T. observed, that a few cubic iuokea of dry air, continned 

a^/tai. bj the. absorption of bamidity for an boar or two, when 

poMd to water at the temperatore of the surroanding 

Kjgjau there is much less moiatare in the air than in hot, and 

ill winter than in' summer. It is also sabject to a rcBnlar diamal' 

variation. As the snn warms the air during the day, evaporation Is 

increased, and the humid element rises into the atmosphei 

docliacB toward evening, cboliog begins, and ataightthe watery vapor 

again falls, and is depbsited upon the eartb. We are not to infer 

becanse there is an absence of rain, therefore the air is dry ; on 

contrary, in long droughts the air is oflen heavily charged with 

tore. 

201. Haw nelBt lir aOtcts (he System. — The ski a relieves the Syt 
of moisture in two ways; by iuseoHible perspiration, and by 
Under common circumstancea, the logs is six times great«r by 
former than by tbe latter process. The skin, as well as the lungs, ia 
an excreting organ ; it contains, packed away, some 28 miles of micro- 
ecopio tubing, arranged to drain the ^stem of ita noxious matters, 
CArbunic acid, &o., which, if retained in the body, become qnickly in- 
juriooB. Theperspirationgivenoffin thisdimateamonnta to20o£.per 
day, and m but countries to twice thnt quantity. But air which is al- 
ready saturated with moisture refuses to receive tbe perspiration vhicK 
is offered to it from the skin aud lungs; the sewerage of the systi 
is dammed np. Jlaeb of the oppression and languor that 
robust sometimes feel in close and snltiy days, is due to tbo obst 
lion of the insensible perspiration by on atmosphere sorcbarged with' 
humidity. Not only are waste matters generated in theaystem thus 
unduly retained, but malarious poisons introduced through the lungs 
by respiration, ara prevented from escaping ; which would lend ns to 
anticipate a greater prevalence of epidemic diseases in damp than in 
dry difitricta. Such is the fiict, as we notice in Cholera, which follows 
the hanks of rivers, and revels in damp, low sitaatious. Moisture 
joined with vanuth is most baneful to the system. Tbe American 
Medical Association report that during the remarkable prevalence of 
Sun-stroke in the city of Nevr York in the summer of 18G3, which il- 
mo«t amounted to an epidemic, the heat of the atmosphere was ac- 
companied by great hnmidity, the dew-point reaching tho extraordi- 
nary height of &4°. In Buffalo, in tlie summer of 1854, tbe progress 
of cholera to its hdght was accompanied by a etcady increase in Bl- 
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I iBospherio humidity. Air vliiob is warm anJ moist, has & reliuiiiigand 
I ireakeiiing inflnence npon Hi© bodj. Tho lirtxo is iiivariably dwrged 
I Mtli inoiature^ and its eflccta upon tlio anlDiol ecunom; illustrate but 
>u exaggerated degree the iuQueoce of damp warm weather. When 
I It blows with any stren^b,the dew-polat ia seldom more tliim four or 
I Are dvgreos below the temperature of the ur, Tbe higher its tompera- 
I tare, tbe more distressiog its effects, owing to tbe little evaporatioa it 
y produces. Thi^ connected with its bnmiditj, is the prindpal canse of 
I lU its peculiarities — of the oppressivij beat — of the perspiration with 
I Which the body is bathed — of its relaxing, aifd debilitating ofluots on 
■'Vie sjstenj, and its lowering and disiiiriting elFects upon the mind, 
I— WrvAH. Damp air at the same temperature ob dr; lur boa n more 
B-fcnrcrful cooling effect, producing a peculiar penetrating chilling fcel- 
■ lug, with polenesa and shivering, painfully known to New Englaad 
f (nTolida aa accompanying the cast winds of spring. 

203. Eflkcti aTdrj Ur. — Dry airfUvors evaporation. By promoting 
rapid transpiration from the pores of tbe skin, it braces the bodily 
energies and indacea esbjlaration of the spirits. Cold dry air is 
invigorating and reddens tbe skin, with none of the distressing symp- 
touis of oold moist wr. If very dry, it not only acoeleratea perspira- 
tion, but desiccates and porches the sorface, and deprives tbe lining 
membrane of the throat and mouth of its moisture so rapidly as to pro- 
dnce an nncomfbrtable dryness, or even infiommatioa. Dry climates 
vbich qnickea evaporation, are beet adapted for relaxed and languid 
oititutions with profuse seuretion, as those afflicted with humid 
thma, and chrouio catarrh with oopious expectoration. Tbe Jlar- 
' wattan, a dry wind from the soorching sands of Africa, williers, 
shrivels, and warps every thing in its course. The eyes, bps, and 
palate heoome dry and painful. Tct it seems to neutralize certaia 
conditions of disease. "Its first breath cures intermittent fevers. 

tEpidcmio fevers disappear at its coming, and small-pox infeotion be- 
Smnos inoommanlcablai" 
99: 
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993. PkTriflegiMi dMi af CariMnlf Idd — ^Tbe fourth constant in- 
Btredient ef the atmosphere is carbonio acid ; a transparent, Ustelosa, 
Inodorous gas. It takes uo usefnl part in respiration, indeed it eiists 
n tbe i&T in so small a proportion that its ofiecta npon the system are 
inappreciable. Its sourcee are the combastion of burning bodies, fer- 
mentation and decay, the respiration of animals ; and it b also gener- 
d within the earth, and ponred into the air in vast qnantllies irom 
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Tolcanoes, springs, Ac It toaj' be set free more rapidlj than it wil 
dissolve away into ur; it then accumnlattw, as Bomelinies in well^ 
oellQrB, rooms, &c. and becomes dangerous. When breatbed pare, it 
canses suffocation bj spasmodicallj dosing up tbe glottis of the throat. 
When mized with air in small qnantilies, it is admitted to the Inngs, 
and then acts aa a rapid narcotic poison. The symptoma of poisoning 
bj carbonia acid gaa are throbbing headache, with a. feeling of fulnes 
and tightness across the temples, giddinesa, polpitatjoa of tbe heart, the 
ideas get confused and the memorj fails. A buzzing noise in the ears 
is next eitporienced, rision is impaired, and there is strong tendencj to 
deep. The pulse fulls, respiration is slow and laborci], the skin oold 
and livid, and convnlsions aud delirinm are followed bj death. This 
gas has been often emplojed as a means of suicide. A Son of th« 
eminent French chemist, BeaTnoLET, under the inflnenco of mental de- 
pression, retired to a small room, locked the door, closed np evcT 
crevice which might admit fresh air, carried writing materials to a table 
on which ho placed a seconds watch, and then seated himself before 
it, described his sensations, and was found dead upon the floor.* 

294. EOhdi In small qBauUUcs. — Tbe proportion of cQrbomc acid no- 
ccEsar]r to produce a poisonous atmosphere is very small ; eo muob so 
that in attempts at saicide by burning ohorooal in an open room, the 
people who entered it have found the air quite respirable, althongh the 
persons sought were in a state of deep insensibilitj (coma). From S 
to 8 per cent, of carlwiuio odd in the lur renders it dangerous to 
breathe, 10 to 13 makes it spepdilj destmotive to life. The natural 
quantity in the air is so small that it maj be multiplied 20 times before 
It rises to 1 per cent. Air containing one per cent of this gas is 
soporiBc, depressing, takes from tbe mind its cutting edge, tends to 
produce headache, and is moat injurious. That proportion of carbonio 
add which nature has placed in the atmosphere, we asanme to be 
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fBtaiely inoflentiire, but tlio more it is iacroaacd beyond that amoimt) 
fiia less it is filled for respiriitioD, Precisely bo with the bo<]y. Oap- 
'^nia acid ia continuallf gcoernted within it and ooQtinuallf ponred 
it from the laagi ioto tlie air ; a certain nmouut ■□ the blood is com' 
fiatible with healtb, but if that (giioiititj bo slightly increased, it at 
once begins t« act as a poison. Any cause, therefore, which hinders 
le escape of this gas from Ibe lungs, tends to aconmnkte it in the 
^u<l and produce iiyary, and this is eiaetly the effect, if there bo 
jponsiderable oorbonio acid in the air we breathe. Its eihidation from 
0w lungs is retarded if the outer air already contains more Ibon its 
.'^auaJ ainunut of carbonic acid, 

205. ffkr tbM d«M tk« llTMratidB Carkonlc Iddt— But if tliis gas bo 
^Kleas, or positively dettimcntnl in animal respiration, why is it made 
ft oonitant and essential iDgrcdicnt of the atmosphere ? The plan of 
■e reqoiroa it. As it is formed in all animal bodtca, and breathed 
out into the air, and also bj all combnstions, its presence there is un- 
^oidable, while it is the great sonrce of nonrisbment to the whole 
^^(ctable world, which drinks it in through innumerable porcsia every 
^teea leaf, and thus lieepa the proportion down to the point of safely 
jbr aiiimuls. 

1 290, EActtf these InxredleaUtfOiUiud. — Snch are the constant OOD- 
i|titDODts of the air, and snob, bo far as it has been possible to determine 

" ia their separate infloonce upon man. The effects of the atmosphere 

gn breathe are the resultaot of these agents acting together. We see 
"Ml it cxerU an nll-oontrolling influence upon the human constitution. 
b eoy that it is useful or important, gives ns no adequate conception 
of the lacts ; it is the first condition of vital activity — what Ibe stream 
is to the water-wheol or fire to the steam-engine — the immediate im- 
pelling power of life. Any one of its elements breathed alone would 
be fatal; aoy other proportions than those in which they ore com- 
mingled would be dangerous or deadly. Its elements taken alone are 
p4Hsonana and excoriatiitg, but properly mingled and neutralized, how 
bland, bow bnliny,how innocent they become. Pressing upon ns witli 
the weight of tons, bathing the s«iii«tlvo breathiog passages — distend- 
ing the filmy membraneB of the air cells, flashing throngh into the < 
blood and swept forward to the inmost depths of the system, corroding 
and conemning In Its progress the tiring parts — and jet with such 
marvellouB delicacy are all these things accomplished, that we remrin 
profoundly unconsciona of them. Unspeakable indeed are these bar- 
muuiea of life and being, and how adorable the Power, Wisdom and 
X«Te from wbidi they emimate. 
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297. Owtne Id the iir. — Our riew of the properties of the 
sphere would be incoiiiplote without reference to tlicse agencies. At- 
tenlioQ Las latterly been drawn to the interesting and slgniScant faol 
tliat the chemical elenienta are capable of existing in different stateo, 
with widelydifforent properties and powers. Wo see this in the case of 
carbuD, which BfenmesBeTerol states, as charcoal, lampblack, di^unonil. 
Sulphur, pboephoriis, and indeed many of the other elements are foond 
capahlc of tbia cbange of stale, wl:ich is known as allolropitm. It baa 
been disoovercd also that the remarkable element ox^frni has its double 
condition, its ordinary state and another of extreme activity, in which 
it seems to acquire now energies ; in this heightened form of action it 
is caOed oien«. It may bo re.idLly changed from the common to the 
snperoetive state, acquiring bleaching and oxidizing energies which it 
had not before. Ozone is eiten«vely formed in tlie atmosphere, by the 
opcratioLiBofnature, altbongbundorprecisety whatcircnmstanceswedo 
not know. It is fonnd more abundantly in some localities than in 
others, and may be generally recognized in air which has swept over 
the ocean, olthongh usually absent in that which has traversed large 
tructa of land. Thure bos been mnch epecnlution as to how the air ia 
affected by its presence, in relation to health and disease. It is said 
that when present in exccea diseases of the Inngs, especially inflnonza, 
prevail ; when deficient, fevers and all those diijeoses which ore sup- 
posed to depend npon a kind of fermentation in the blood are com- 
mon, — it being thought that ozone oiidiies or bums away the exciting 
fermonlablo matter, thas acting as a purifying agent. It has been 
stated that in cholera ozone ia entirely al>aent from the air. 

298. Itmosplicrle ElHtrUltj. — "1 cannot tell," says Br, Fabaoi-T, 
" whether there are two fluids of electricity, or any fluid at all ;" such 
is our profuund uncertainty in relation to this mysterious agent. Yet 
it is commouly aaaumod to be a subtle fluid, distributed through all 
enbstancea, and lying bnried beneath their surfiices in a condition ot 
equilibrium, or rest Various causes may disturb this state, prodaung 
tJectrieal eteiUment, when the fluid is supposed to accumulate in 
some substancea to excess, which are then said to be pnaitivelf electri- 
fied, — while in others it is deficient, and these are negatiTely electrified. 
Buroo substances, as the metals, allow electricity to pass through them 
freely; these are called jdoiiwndm^fo™;. others refuse it a ready passage, 
■nd are termed jws-ftMiduetoM, aa silk, glass, air. When from any cause 
•xcitetnent has taken place, and a body haa be«n charged with eleotii* 
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dty, or robbed of it to a certain degree, there is an escape ; if a good 
oondactor be presented to it, it flows off quietly ; if a bod condDt^tor, it 
daBhea IhroDgb it, producing fire, tigbt Bound, and perhaps violent 
rupture (ditruptite diiehargi). Tha friction of tmlilie bodies against 
web other creates electrical escitemeot. If we slide rapidl; over a 
Oarpet, the body becomes so excited that it may yield a epark which 
will light the gns. The friction of masses of air, of dificrent temper- 
•tnres, or containing different degreaa of raoiatnre, by rubbing agalatt 
each other, or griading ogaUut the earth, developes electricity. So, 
also, does evaporation. IT a Boacer of water be suspended by non- 
conducting silk cords (iiaulateJ), evaporation goes on as usual at first, 
"baX. is soon checked. It gives off positively electric vapor, while the 
■aucer rennuns negatively electrified. If it be connected with the 
ground by a conductor, active evaporation is resumed. Combustion 
produces electricity; the escaping oarl)onio acid being positive, while 
the burning body b negative ; the vapor of the expired breath is also 
poffitive. The air ia generally electrified positively, CBpeoially in clour 
veather ; but during the tall of rain, fogs, snow, and etonns, it may b» 
negative. The electricity of the atmosphere appears to have a daily 
ebb and flow, like the tides of the sea, twice in every 24 hours. It !s 
{teble at sunrise, increases in intendty during the forenoon, declines 
jigain in the afternoon, nntU abont two hours before snnset ; it then 
•dvnnces until perhaps two honra after Bunset, and again diminishes 
until morning. It has become fashionable, latterly, to ofiTor electricity 
in explanation of all obecnrities, material and Epiritual. Beyond doubt 
ft b profoundly involved in the phenomena of our being, bnt we as 
yet onderstand bnt little about it. In connection with the nir, we cad 
Oily say, that when it is clear, and electricity is rapidly developed, tlie 
ij^ts ore more bnoyont, and the feolinga more agreeable, than wheD 
llie atmosphere is in the opposite state. 



UI.— CONDITION OF AIE PBOTOED IJT NATDHE. 
9Q0. lapwitlM eT the nteraal ilr. — There are natural causes which 
tend to make the atmosiihere inipnre, but they net with variable in- 
tmstty in dificrent localities. Animal respiration and combnstion eierl 
ft contaminating influence upon tlie atmosphere, but conridering it« 
mas, the genera] effect is bnt trilling, and besides ia perfectly 
OentraliEed by growing vegetation, wbieb evermore absorbs from the 
Vr corbonio ocid, and returns to it pare oxygen in the daytime. The 
cay of organic matter, vegetable and animal, generatee niimor- 
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ons siib«taDces which ore prejudicial to health. Lbbio hu lately 
shuwD that anunoQia from tlieae soaroea is continuall; pres^it in 
the air. Its qnontitj is so minute that it cannot b« directly de- 
tected, but it may be traced in rainwater, having been washed 
ont cf the air in ita descent (3T1). The eihalatiooa and effinvia 
srisjng from active decompoaition in wet lands, ewamps, marshes, 
&&, especial]]' in hot eeosons and localities, are proMo sonroea 
of diaease. Minute microscopic germs, both vegetable and animal, 
exiit in the almoepherci, and the coarse of wbds has been tracked 
across oceans bj the pecnlior organic dust which tliej carried. 
Not only do plants and fiowera exhale continually their pecoliar fra- 
grances, bat even mineml mntterB and earths have also their odors, which 
rise sod mingle with the air. Indeed, we moat conceire of the air as 
the grand reservoir into which all volatile matters escape. Professor 
GsAaAH contends that mnlarioos and contagious bodies arc not strictly 
gaseoUH, bnt are highly organized particles of fixed or solid matt«r, 
which find tbnir waj into the atmosphere, like the pollen of flowerr^ 
and remain for a time snapended in it. The inconceivable minuteness 
of eihalationa diSiised throngh the air, which ore yet sufficiently 
active to impress the senses, is forcibly illostrated bj the fullowing 
but, which we give on the authority of Dr. Oabfsstsb. " A grain 
of mask has been kept freely exposed to the air of a room, of which 
the doors and windows wece oonstontly open for a period of twi jeat«, 
during all which time the ur, thongh constantly changed, was com- 
pletely impregnated with the odor of mask; and yet, at the end of 
that time, the particle was found not to have sensibly diminished in 

800. SMttb ef Experare, PsUa^e, and MIU-The salubrity of the ex- 
ternal air is infloenced by elevation, trees, and soih The exposed hill- 
top onsnres atrauspberio parity. It is ottea surprising what effect 
a small difference in the elevation has npon the healUifuhiess of a par^ 
ticnlar spot. A rise of 16 feet within 300 yards has been known to 
produce an entire change ftata a relaxing to a bracing air. The lower 
place WHS completely enveloped in foliage and without drainage, while 
the higher was comparatiyely tseo from trees, and hosidea, had s good 
fall for snr&ce-water and sewerage. Dense foliage oroand a dwelling 
may be injurious, by cansiog dampness and stagnatdon of ^r, especially 
if tho aitaation be protected from winds. If tlie ground be loaded 
with putrefying matter and soaked with refuse water, the air above H 
cannot be pore. Tho ground below and oroaod the dwelling shool 
to dry. A soil absorbent and retentive of moisture, always d 
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nnfit to live on nnleBs tboraaghl; drBmod, Sand or gravellf ground 
U beat, prufidcd it Lo not locked in h; a anrroanditig claj basin, with 
no outlet fur tho raiuTiUI. 

801. Cum »t tbe MBwhsIuoBcncsi af Klgkt Ui. — There ia ground for 
le cominoD belief tbat night air is loss heoltlifal than that of the day. 
: is known that the deodlj' tropical fevers allect persons almost onlf 
nring the night. Yet the poisonom miasms ^om the rotting snbatau- 
oea of the ground wlitvh cause those feTcrs, is produced much foster 
daring the intense heat of the day than ia tho colder night Bnt in 
tlie dajtime, under the hot tropical son, the air heated b; contact 
irith the burning ground expands and rises in an upward current, thuB 
diluting and corrpng awa/ the poisonous malaria as fast as it is set 
free. The invisibte seeds of pestilence, as tbej ripen in the festering 
earth, are lifted and dispersed in the daytime by solar heat ; but us no 
mcli Ibrne is at work at night, they then accumulate and condense in 
the lower layer of the atmosphere. Now although fatal fever poiaoa 
may not be generated, yet decomposition of vegetable matter yielding 
products which are detrimenlal to health take place every where upon 
the surfoco of tlie ground ; and tbongh dissipated during tho day, they 
concentrated and coufiiied so close to the earth at night as to affect 
file breathi[ig stratum of the air, 

)3. I'pper S»MM leul aOMcd by Right llr, — It wiQ hence be aeen 
tbat the different stories of a house are differently related to this 
■onrce of injury : the upper ones being situated above the nnwholo- 
one, ore most eligible for sleeping ohamberB, while the grouud- 
i more directly expo«ed to the danger. Dr. Bush states, that 
dnring the prevalence of yellow fever in Fbiladolphio, tiiose who oo- 
onpied apartments in the tldrd story were far lesa lialilo to attack than 
Qioae who resided lower. Low one-story houses, in which the inhab- 
itants sleep bnt three or four feet from the ground, and ore therefore 
directly exposed to the terrestrial exhalations, most bo considered 
I objoddouahle than loftier sleeping sportmcnu. Sleeping in low 
roomi is perliapB worse in the city than in the conntty. 

303. The AUmrlurc aat-raiitfias.—la all healthy localities the pro- 
portion of impurities is so small tbat their effect is imperceptible. 
When noxious oihalationa are set free from any source, the; are dif- 
fused through the vast volume of the atmosphere, so as not to b« 
detectable by the most refined moans of chemistry. The law of 
gnseoiis diffusion, aided by winds and storms^ seourea dispersion and 
universal intermixture. Oxygen finally takes effect upon these baneful 
I, destroying and boming them as tzulj as if they had been 
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oonsamed in a fnrnflce. The adnosphore thus Beonros its own puri- 
fication on the grandest scale, and its vital relation to animal life re- 
mains nndislnrbcd. 

804. JUr wlllili DoaiSi — Bat n'ben wo enter a dwcllijig tLe cose is 
altered. It ij as if the boundless atmosphere had censed to exist, or 
bad been oontract^d within the walls of the apartment wo occnpj. 
Oaoses of impnrity now become a matter of serions considerntion. 
They are capable of affecting, in the most iiijurions manner, tlio little 
stock of air in which we are confined ; and it h therefore, on every 
Bccoont, important that we have a clear idea of the natare and extant 
of the common cansos which vitiate the air of our dwellioKa, 



IV.-SOCRCES OF IMPURE AIK IN DTFELLIKOS. 

805. BitatUie and CenbaslloB. — B; breathing, the barning of Aiel 

and combustion for tight, large quantities of oxygen are removed from 
the air, while at the same time carbonic acid in nearly equal Imlk 
takes its place. In the case of fuel, if the combustion is perfect, the 
air tliat has been clmnged is immediately removed up chimney by the 
dranght. But not bo in respiration and illumination; the air spoiled 
by these proceasea remains in the room, unless removed by q)ecinl 
ventilating amtngements. 

SOe. Leakage tf bad Gism froH Deatlng Apparatoa.— While, in point 
of economj, stoves are most advantageous sonroes of beat, yet in their 
effects upon the air they ore perhaps the worst. We saw that in the 
stoves called air-tight, the borning is CArried on in such a way that 
pecnhar gaseons prodni^ts are generated (121). These are liable to 
leak through the crevices and Joinings into the room. Carbonic oxide 
gas is formed under these circumstances, and rcc«nt experiments have 
shown that it is a much more deadly poison than carbonic actd. The 
alow, half-smothered burning of these stoves requires a feeble draught, 
wbich does not favor the rapid removal of injnrions fumes. Besid«a, 
carbonic acid being about half as heavy again as common air, must be 
heated 260° above the snrronnding medium to become equally light, 
and still higher before it will ascend the pipe or floe. If the com- 
bustion of the tael is not vivid, and the draught brisk, there will be 
regurgitation of this gaseons poison into the apartment. Dr. Ukb 
aaya, " I have recently performed some c-arefol crperimenis npon this 
Butiject, and And that when the fiicl is burning so slowly ns not to heat 
tlie iron snrface above SSO" or 800", there it a eonilant drfinx of ear- 
ioHtB tu^ inta the ro^m." Pmbnbly all Uovea, from their Imperfeot 
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*iltinga, are liable t« this bod result Hot-air furnaces, also, h&va tha 
Nme defect. Tbey are cast in miui7 pieces, oud bowever perfect tbe 
joinings ma; be et iret, the; canoot long be kept air-tig-ht, in conae- 
qaeaoe of tbe tmeqnal coDtraction and cipaoaion of the different parts 
under great alterations of heat Oombostion products are benos 
liable to mingle witb the stream of ur sent into the room. 

SOT. UraAde^b; Bot-lnnSiirfMei— But if stoves become aeourcA 
of coutoiuinatioa to the air at low temperatures, neither are they free 
trota this obJectioD when rondo hotter ; at high beats (and they are 
often red-hot), they serioiuly injure it in other ways. It is well known 
tliBt iron highly heated causes disagreeable e&eota npon the air of 
rooTDS, producing a sensation ascribed to &urn( air, but the nature of this 
change is not fully nnderstood. The common method of exphuning it, 
that the iron decomposes the mr and robs it of oxygen, is in no degree 
aatiflfixotory, us the quantity of ojygen thns removed must be eitremely 
small, and besides, a portion of this very small amount coroee from 
the decomposition of atmospheric moisture, its hydrogen being set 
free. The minnte partiolw of dust, myriads of which fill the air, as 
seen when aray of light is admitted into a darkened room, and which 
consist of all kinds of vegetable and animal matters, settle npon the 
hot stove, and are roosted or bnmt with the escape of gaseous iiugin- 
riticfl. In the stove metal itself there is always, beside tbe cast-iron, 
more or less carbon, sulphur, phosphoms and arsenic, and it is possible 
that the smell of air, passed over it in the red-hot state, may be owing 
to tlie volatilisation or escape of some of these ; because it is to be re- 
membered that a qnantiCy of noxious efBnvio, too small to be seized 
and meaanred by chemical means, may yet affjict the sense of emoll 
and the pnlmonwy organs, 

SOB. CospMlUea »t Air allerfd bj hMtbtg II. — It is a capital advan- 
tage of the methods of warming by flreplaoea and grates — simple ra- 
diation — that tlioy do not heat the air: it remains cool wlule tho 
hunt rays dart throtiffh it to warm any ot{ieots upon which they f^ 
The sun ponM his floods of beat through the atmosphere without 
wanning it a particle. Mr is mode to be breatfierl, and we agoia dis- 
cover Providential Wisdom in tlie orrangomont by which the sun 
warms us, vithout disturbing, ia tbe slightest degree, the respiratory 
medium. But if we heat the air ittelf, we at once destroy tbe natural 
equilibrium of its comixisitiun, and so clmngu it£ properties that it be- 
comes more or less unpleasant and prejudicial to health. We have 
noticed tho bad ofiecta npon tbe system of dry heated air, and it was 
, ibown that the Btat« of dryness does not depend npon the actual 
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100° (and it often is 
. The difference ia 
the length of tho bnra opposite these two ntimbcrs eipressea its de- 
Gcienc? of moisture, and henoe it« drying and parching power. Air 
thua changed is apt to produce unpleasant feelings and painful sensa- 
tions in tho chest, wLioh are often attribnted to too great heat. " In 
very drj air the insenwble perspiration will he incroased, and as it is 
a tme evaporation it wiU generate cold proportional to its amount 
(60). Those parts of the body which are most iusdated in tlie air, 
and ibrthest from the heart, will feel this refrigerating InQuenoe most 
powerfully ; hence that coldness of the hands and feet so often expe- 
rienced. The brain being screened by the altull from this evaporating 
influence, will remain relatively hot, and will get snrcharged beades 
with the finids which fire expelled irom tho cztremitiea, by the oon- 
troction of tlio blood-vessels caused by cold." In close roonw, not 
well ventilated, stoves exert this baneful influence upon the ur in an 
eminent degree. This objection lies against healed air, no matter how 
heated. Stoves and lur-fumaees, with their red-hot aurfaees, are nn- 
donbtedly worse for the aii than hol^water apparatus, which never 
BDorch it; yet Ihey, too, may ponr into our spartmentfl a withering 
blast of oir at 160°, which may bo potent for inischict The only way 
that hot-air can be mode healthfnl and desirahle_ia by an ofiectual plan 
(if artificial evaporation, which will he noticed among the means of 
preserving atmospheric parity (347). 

800. CMtuUutloM Bf llr ttWB the nnuii Being.— It is a common 
belief that the human system ia distinguiuheii by its vital jKiwer of re- 
•isting, daring hfe, the physical agents which would destroy it; hut 
thai after death it is abandoned to these forces, and falls qoiokly into 
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^P|Ure&etion. This ia an error, Under the inflaeEoe of phyrfea. 
■gency decomposition is conslantl; going on tbronghout the body, and 
is indeed tlie fundamental condition of its life (024). There is Ihe 
flame d<?cny and cheuiiral decompositioD taking place in the animal 
fabric during life as after desth ; the difference being, Uiat in the dead 
iKidy the decomposing changes speedily spread througLoot the mass, 
while in the living systeni they are limiwd and regnlatisd, and pro- 
vision ia made for the incessant and swift expulsion of those effete 
and poisonous prodncts of change, whieh if retained within the organ- 
ism for bnt the shortest tiraC) would destroy it. Streams of snbtila 
and ahnoet intangible pntresoent nuttter are, all throngh life, eibaling 
team each living animal lx)d j into the air. The flnid thrown from the 
Inngt and skin ia not pure water. It not only holds in solution oar- 
bonic odd, bat it contains also animal matter, the exact nstnre of 
which has not 1>een determined. From recent inqniries, it appears to 
be an albaminons snbslance In a «tat4,of decomposition. If the fluid 
be kept in a closed vessel, and be exposed to an elevated temperature, 
a very evident pntrid odor is exhaled by it. Ixblxso states tliat the 
odor of the air at the top of the ventilator of a crowded room, ia of 
so obnoxious a character that it is dangerous to be exposed to it, even 
for a (Jiort time. If this air be pfueed tlirough pnre water, the water 
soon exhibits all the phenomena of putrefactive fermentation, 

SIO. Dr. FiradaT^ Tei0B«T MpM thisptbk — " Air feels Dnpteaaant 

^bl the breatliing cavities inclnding the mouth and nostrila, not merely 
ftota the absenceof oxygen, the presence of carbonic acid, or the ele- 
*iWon of the temperature, hat from etAer eauaa depending on matteri 
eemmunKated <4> ityVom tha Aumnii being. I think an individual may 
find a decided difierenee in his feelings when making part of a large 
company, from what he docs nhen one of a small number of persons, 
and yet the thermometer give the some indication. When I am one 
^«f a lar^ nnmber of persons, I feel an oppressive sonMlinn of closeness, 
stwithstanding the temperatnre may be about 60° or 65°, which I 
not feel in a umall company at llie same temperature, and which T 
[Vsnnot refer altogether to the absorption of oxygen, or the Inhalation 
If oorbonio add, and probably depeniftvpon the efflu'ciafrom the many 
Ijfretenl; bnt with me it is much dlminiiihed by a lowering of the tem- 
B^ralnrc, and the sensations become more like those occurring (a a 
" nail company." 

811. UrafBcdrawu, — The escape of offoni^tFe matters ftom tlieliv- 
g person becomes most obvious when from the pure tir we enter an 
Riventilatcd bedroom in the morning, where one or two have atept 
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the night before. Every one most have eiperienced tho sickening and 
disgusting odor upon going into snch a room, though its occupants 
thein»elves do not recognize it. Tbe nose, olthongh an organ of ei- 
qnisite se&BibiliCy, asd capable of perceiving tlie presence of oQVnaivo 
matters where the most delicate chemical tests fail, is nevertbeJew 
easily blunted, and what at the first impresBion feels pre-eminently dia- 
gOBting, qnickly becomee inoffensive. Two persona oconpying a bed for 
eight honra, impnrt to the Hheota bj insensible perspiration, and to the 
ur b; breathing, a poand of watery vapor charged with latent animal 
poison. Where tbe air in other inhabited rooms is not oftetk changed, 
the water of exhalation thus loaded with impurities, condenses upon 
the fomitQre, windows, and wulla, dampening their sorfacea and run- 
ning down in nnwholesome streams. 

312. Pnrltf the IiUiUiib ef Nitire.— Yet we are not to regard the 
haman body as necessarily impure, or a focus of repolsive emanations. 
The infinite care of the Creator^ ia seen nowhere mora eonspicuoosly 
tlian in the admirable provision made for tlio romovnl of waste matters 
from the system, the form in which they are expelled, and tho prompt 
and certain means by which nature is ready to make them inoffensive 
and innoiions, " The skin is not only," as Biohat eloquently observes, 
"a Bcnsitiva limit placed on the bonndaries of man's soul, with which 
asternal forms constantly come in contact to establlsli the oonneotions 
of his animal life, and thus bind his existence to all that surrounds 
Lim;" it is at tbe same time thronghout its whole extent densely 
crowded with pores, through which tho waste substances of tbe system 
momentarUy escape in an insensible and inoffensive form, to be at once 
dissolved and lost in the air if thu retvlt be allotetd. It is not by the 
natural and necessary working of tho vital machinery that the ur is 
poisoned, but by its artificial confinomBnt and the accomulation of 
deleterious substances. If evil results, man alone is responsible. 

SIS. Other HwRMafbapBtUT. — Gaseous exhalations of every sort 
escape from the kitchen, and arc diffused through the bouse as their 
odors attest, and tho darkening of walls and wood'Work painted with 
white lead shows that poisonous sulphuretted hydrogen from somo 
source has been tlirown into tho air, its sulphur combining with tlie 
lead rtnd forming blaok snlphnret of lead.* From the imperfect com- 
bustion of oil and tallow for lighting, and the defective burning of gas 
jets there arise emanations often most injurious to health. The vapor 
of a smoky lamp, if disengaged in small ijuanlilies, and the fiiaioa of 
the borning snuff of a candle, may fi)I the room with disgusting odors 
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|Dd excite severe headache. It maj be well here to correct the com- 
mon fuUacj that cold air ia dicrcfure pure, aod tlmt aiiortmoDta need 
ventilation in winter than in eammer. People confonnil coolaess 
villi freeboess, and disagreeable wormtli with chemical impurit; ; 
|rli«re<t8 tbese properties have necessarily nothing to do wiUi Mch 
Cold air maj be iirespirablo from contamiuation and warm air 
4Dtirelj pure. 

311. Pfbnou (Man •■ Paper naofrtngs.— Attention has ktei; been 
led to the jioisonoua iufloeuce of grcea paper hongiDga upon the vi** 
__ are mentioned of children poisoned bj chewing green colored 
Wnging paper, and of persons sickened hy breathing lur in rooms in 
L-frbich ecrUun green papers have been mounted. The basis of the bright 
inen colors nsod for staining paper-hangings ia the poisonous artmiiU 
^wpp*!", a combination of arsonio and copper. This, however, is not 
volatile, nud doce not create poisonous fumea or vapors, nnlcss perbapa 
1^ being dusted fine parUcles are loosened and set afloat in the air. 
Jlevertheless, though it do not vaporize and get into onr systems 
Ihrough the lungs, arieniU nf e^ppvr is a deadljr poison, and when 
-Ifrend over paper-han^ngs, utterly spoils them/ar dieUtieal purpotei, 
•ither for children or adults. Professor Johsbo;!, of Nev Haven, states 
;^utt the most beautiful of all green pigments is the aeetthorieniU of 
j^^fiper-t nod that this coiuponnd, in damp weather and humid ntnations, 
'jVdialos deadly poisonouB va[>ors supposed 



contain arscnnrotted 
given an aoooont of a family poi- 
;rB the paper woa colored with this 



,, BIG. FaiUlrgCMntcdlnCeUan.— Thoair u 
ito oontamination from 



hydrogen. This gentl< 
iSoned by Bleeping in a 
i^glliont. 

~ ' " ...... ~. houses is also liable 

organic decompositions, if vigilant 

l^reoaation is not taken to prevent it. Cellars are oommouly con- 

ferted into reservoirs of pemioiona airs, by the reprehensible custom 

' using them as receptacles for the most periahaUe products. But 

'en whore largo masses of organic matter are not left to undergo 

itrofnctive decay, and generate unwholesome miasma, serious ii\]nry 

tit liable to occur from the damp and stognont air of basements and 

>«eIlBrs. It is not necessary that the lower spnoes of n house should 

•to half filled with ratting garbage to generato foul sir. The snrfaoe 

* the earth in filled with deoomposahlo sabstanceti, and whenever air 

confined in any ^ot in contaoi with the ground, or any changeable 

flfgimic matter, it becomes saturated wiUi various ezbalatioas which 

detrimental to health. If air ia to be oonfioed, tmloss it ia so 

led up 08 to touch nothing bat dry, glassy or miaeral Bub^anQM, 
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it will oortwiOj degenerate. Even dry rooms and dosels in the upper 
part of the Loose, become mouldy and musty to a most disagreeable 
extent, if not often nired. To be pure and healtli}', air reqiiiresi con- 
tJDU&l cirenifttion; bot collora are very rarely either ventilated or 
made absolately dry by water-proof walls or floors. TLey aro nsnally 
;old, (mcleanly, and monldy. " The noxions olr generated in 
cellarii, basements, and nnder-floor ^aces, reaches the inhabitants of 
upper apartmcDts in bo small quantities, that instead of producing 
any marked and sudden process of disease, it operates rather as a 
steady tax npon their income of healthy so imiform in its depressing 
o be appreciated. Tet many on invalid, who fancies 
himself irojiroved by a change of air, in going to another residence, 
is really relieved by escaping the mouldy atmosphere which comes 
from benealJi his own ground-floor." • 
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V. JIOEBID AND FATAL EFFECTS OF IMPURE ABB. ^M 

816. SoiTMS «f duger In BretUilBK--Tlie constituent of tho atmo< 
ipbere are mingied i[i sach perfect proportions, that its temper ia ex- 
actly suited to the necessities of the healthy system ; any alteration 
in ita composiUon, therefore, however slight, mnst, result in pbyai- 
o1(^ical diBtnrbance. So direct is tbe access tbat respiration afibrde 
to tho inmost recesses of the body, that any gas mingled with tbe re- 
spired air, is at once admitted, and takesprompt control of tbe system. 
When aliment is taken iuto the stomach, it is snhmittod to a long 
process of prepnration and siiting, before it can g«n admission to the 
blood, those porta which are nsoless or obnoxious being r^cctcd; 
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he dllTiircnt ogcipiIlDna the hullhlect 
tnfin or m naaoo, ua vonld probaMf Dhoo» tl» fanuen moA tha butflfifln. Biith m 
OBiult jT 0tgat ]D fnmfl, ud rodily In eomplnxloa. Both itd acUi^elf employed, hivfl 
ploblj oT etercln uid AbondaDcfl ot rood, la oiu polat, tharelbfa, th^ drcuinBUac«4 
wldrlf dtftGr. TheEinnerlirciitheaUispuroilrDrUisiiaDiitiy; ths bnlohor tnlulu Uia 
(tmaiipberg of (ho ibunblca uid tba ilugblar-boaH. Wnted wllh putTol^lng uioul 
■fflntlB. Tbe mult la u InstmctlisltuaDuUtlunlnsof pn» air. Tbo ntenf deatbi 
IUUh] uDDDg tba Jkrnian, Itotwoen tlia aget of iS utd 65, woa ll'Mf per thonund 
(uouUr). The balcben at the ume ago died at SSI put thnnsaid, » that thelt Dot- 
Ullly la abont donbla thai of tfao bmieri. Tbue t*u clA»f>, Iniloed. occupf igarlr thu 
eitremea of (he table of loorlalit)'. Tha brmcr li the bealthlegt mui on tba list, irhlle 
butcher— the lonkeejKT. Ad/ one who taows bow 
laiTTD a proportion oT taTenu are man groCBhopa, raeklDj vlth ImporiUea and cdtIi«ih»1 
- aUta,wUlDOt be nirprl«FdUutIhamaTl*]ltj among UibcUwuceniliwSS'MliiUH 
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tot thu [nogs eicrcUe no each protective or soleotive power, tho; 
mnoot guard the ajstom by Btraining the air, or bftrring ont its io- 
gasce. Besides, air both pure and impure tti alike trimsparcnt 
■nd invisible, bo that the eje cftnnot detect the difierence. Tlie 
MQses of vidation are also grsdnal and inaidiona in their action, 
that their effcctn steal imperceptibly over the STHtem. Unlike 
kt, delcterioQs air annonnces its presenoo hy no Beneation; indeed, 
Us effects ore of that stnpefjiDg kind that niakea a person ioscDaible 
|o then. A bedroom, as we before remarked, may be so fool from 
luliieome exhalationa, as to naoscate a peraou who catera it irom the 
j/un (ur, and yet its inmates will feel qnito oncooauioits of any Uiing 
Aisagreeable. Without iDtelligeot and tJioaghtfal precaation, there- 
Are, we are conatantly liable to the evil effuotn of tbul air, and to im- 
mlDeut danger from varloos furma of diseaae. 

817. Tbe Sjsutt prepared U nttltt CmU^Im. — Rcspiratiou of Im- 
Jnro air, la a prolific source of discaiw, wUioh appears m niunerous 
torma and all degrees of malifrnity. The effect of hreothing a con- 
iaod and miranewod atmosptkere, is not only to taint the air, bnt hy a 
double influence, to taint also the hlood. It is an ofBoe of oxygen in 

body, as we have seen, to throw the prodacts of waste into a 

i|nliihIo state that they may be readily eioreted, bnt if its qnantity be 

'Iminisbed in the air, this work is imperfectly performed in the body ; 

4i&d the vital cmrcnt is encumbered with pntresoent matter. The 

bcreaee of carbonic add in the air, by offering a barrier to exhalation 

fr>m the lungs, conspires to the same result. Accumulation of these 

inorbid prodnols in the blood, greatly heightena ita sosceptibility of 

iKing acted upon hy atmusphorio malaria, the canscs of epidemics. 

le hlood is supposed, nndcr these circumBtancea, to acqnire a for- 

EntabW state, forming, as it were, a ready prepared soil for the seeds 

infection. Atmoapherio malario seem not capable alcnaot producing 

idemic disease. From those in real robnat health, with perfeot 

imative BurroundingB, the arrows of Dontogiou robonnd harmlesa. 

The niiasmatio poison ptvtl find lotne morbidil^ in the »yilem to to- 

tftrate witA,— aome unhealthy condition induced by intempereuce or 

debauchery, had food or drink, bodily exhaustion, mental depression, 

•r t!t« diaoomforls of poT«rt; — npon which it may take effect. But 

•f all these predisposing agenciex, none invite tlie stalking spectre of 

,festilence with so free and deadly a hospitality, as cormpt, con 

laminated air. 

818. IDutrattod la tkf mm af Cbaleni. — Of the teudeney of au at- 
aphere cbargud with the emanatjons of the Luman body^ to favoi 




bruUj coDBtructed, and the t 
eapocialty the case with tie achool-n 
evitie/eet qfair/ortaehgtrl, and ev 
ooo of the inmst^s was att4tol:ed n 
from the timo of the seizure, tho eni 
less collapse. Withiti the Epnc« of 48 1 
coses and 19 deaths took place; 
of the inuuitea, or nearly 22 per cenH 
con-iod off; whilst almost every oi 
or leas, from cholera or diarrhoea. Anil 
of 25 giria and 9 boys, iiud the comporatiJ 
witlistauding tho yet more limited dlm^ 
aSbrdd a remarkable coafirmatJoD of tlic 
for wo learn that "although good and o- 
ioyt eoutd not be i^t/rom Irmting t!u 
thum probably owed their lives to the belt* 
In the joU of the same towo, in which 
900 cubic feet of air, and thi 
effcioDt syslem of veDtilation, there was 
of the epidemio influeuce. (Dr. Oabpkkti 
thtu charged with pntrescent bodily oshal 
they resemble la faUliCy those localities 
hy effluvia froii»foul drains, sowcr-veuta, t 
nuinufactories. 

319. Fn«n trielule la Impire ilr. - 
fonlabn 



rr PBODUcss fevehs and bcbofuul 



171 



' md intermittent fevem, dfeeotery, tmd perhaps also cholern. And 

' aeound, eihidatioiiB trorti the human body, coofined find acf uniul&t«d 
hr ill-ventilaled habitations, Bometiines termed typhoid miatm, and 
irltioli itsaDllj gives ori^n to oommon tjiphaa and low nervosa fevers 
It would tbua appear, that tlie verj t^pe and character of febrile 
dieenae b determined by the IiW 0/ impurity which ia breathed. 
Prof. Suite, of New York, saya, " Let ns auppoae the circumstances 
which typhus originates, to occur in Bomnier, sacb as the orowd- 
ing of iuilividuuls into small apartinettta badly ventilated, and ren- 
dered offendre by personal and domestic filth; these causes wotdd 
obviously produce typhos in its ordinary form. But, suppose there 

' exist at the some time, those exhalations which ooeasion phigue, and 
yellow fever, or remittonl and intermittent fcvcre; under such dr- 
eumstani-'es wo would not expect to see any one of thoao diseases fully 
and dialinctty formed, but a disease of a new aod modifiod character. 
It is, therefore, beyond probability that it few ddoterioua gssea ara 
quite euflicient to produce an iudnito variety of pestilential and con- 
togHous inahidien." 

SO. Stnfala, or Stnai, tbe Mnieqncnce af Impart Air.— There is a 
di«etuied condition of boily known oa ifro/uloin or tfrumoiit, which 
manifests itself in various forms, and in all parts of tbe system. It 
IS to be a result of delicieiit nutrition; that is, not a want of 
material for nntrioious purposes, but a fiiilure of power to produce 
healthy and perfect tissue from the elomcnU of food. Various causes 
have been anigncd as tending lo produce scroniloos habits of body, 
■Qcb as hereditary tondcnoy, b.id diet, deprc^ng passions, too lale^ 
too early, or in-and-in marriages, sedentary occu[>ations, want of ex- 
'erciso, defidont dotbing, bad water, &c., and those, under different cir- 

' cmnstanoes, may eacli contribute to the remit ; but imperfect respiro' 
Uon [3 probably the most efflc)«nt and universal cause. .An eminent 

' French Phymcian, * who bos made this subject a matter of cxtenaiva 

•tudy, Boyn, " Invariably it will be found on examination, that a tsnly 

acroftilona discone ia oaused by a vitiated ur, nnd it ia not always neces- 

y that there should have boeti a prolonged stay in audi on ntmosphoro. 

Oltec a few boun each day is snllident, and it is thus that persons may 

e in the most healthy oonntry, pass the greater part of the day in 

i open air, and yet beeume scroniluns, because of sleeping in a 

OonQncd place, where the lur has not been renewed." Hk 

i<r gui'S tHirther, and affiniis that tlie repeated respiration of tho 
e atmosphere, ia a primary and d^cicnt cause of KniAila, aod 
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that, " if there be eotirclj pure air, there may be bod food, bad cloth- 
ing, and want of personal cleanliness, buE tbat scrofuluas disease can- 
not exist." In 1832, at Norwood School in Engknd, where ther« 
irere 600 pupils, scrofola broke ont exten^veljp among the children, 
and carried off great numbers. This was ascribed to bad and inef- 
fioient food. Dr. Amott was employed to investigate the matter, and 
immediately decided that the food ''was most abundant and good," 
assigDing ''defectire Tentilation, and consequent atmosplierlc im- 
parity " as the true canse. 

821. CtonHptliB lidiwd by lapire Air. — When scrofula localizes 
itself in the Inngd, there isptttmonary or tvicreular amtumption. The 
eseenoe of the nntritive process cousista in the vital transformaljon of 
albumen (678) into fibrin and oi^anized tissae. Now the tubercles 
which in this disease make tlieir appearance in the pnlmonarf 
organs, consist of crude, coagulated, half organized masses of albomvu 
— the nborcive products of incomplete nutrition. In this manner, 
bod ^r, by producing the strmnoua condition, becomes a cause of con- 
sumption. It seems nutaral to expect that the organs with which 
the foreign gaseous ingredieula of the atmosphere come more im- 
mediately into contact, and whoso blood-vessels Uiey must enter on 
thdr p^sage into the system, siionid feel, in a distinctive manner, 
th«r noiioos influence ; and this expectation is strengthened by 
observation, and experiment upon both men and animals. It has 
been observed that when individuals habitually breathe impure sir, 
and are exposed to the other debilitating causes which must alwaya 
iuflnence, more or less, the iuhabitnnis of dark ill- ventilated dwellings, 
flcrofbla, and consumption, as one of its forma, are very apt to be 
engendered. 

823. SUIe af tbe Air lalBeoMs Infant Harttlltr.— The ^ame malign in- 
fineuce of the air of nnventihited rooaia is seen in the mortality o( 
infanta. That the new-born and tender child should be infinitely sus- 
ceptible to the influence of contaminated air is what we migliC well 
expect. Wb ore, therefore, not surprised, that in the foul and stifling 
air of Iceland habitations, two out of three of all the children ahoald 
die before twelve days old. Opportunities have been afforded in hos- 
pitals, to compare the effects of pure and vitiated air, and it has been 
invariably found tbat a neglect of atmospheric conditions was accom- 
panied by high rates of infant mortality, which promptly disappeared 
with Iheintrodeclionof efficient ventilation. "On the imagination 
mothers, educated as well as ignorant, the feeling still seems i 
■tereotypod, that the free, pure, unadulterated air of heaven Ms 
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the brow of iiifuncy as the poppies of eternal sleep, and enters thn 
longs aod cinmlates us a deodlj innrnm; and etUl the 'sbuwls and 
blonketa,' sleeping and awake, are pretty generallj employed to de- 
privB the objects of the moat raptnrons paternal Bolicitnde, of what 
was originally breathed into the nostrils of the great archetype of the 
hiiuian race as the 'brenth of life.' " 

S23. Bad llr uderMlaes the Tllal Ptwen, — And jet the fntal effects 
of mephitic air are by no means confined to those terrible maiadii's, 
Ohcilera, Fevers, Consumption, and Infaotine discoae, by which the 
Mrth is ravaged ; by nndcnnining the health it paves the way for all 
kinds of disorders. The hnman system is armed with a wonderful 
protective or conservative power,-by which it is able to resist the in- 
vasion of morbific agencies. Indeed, this power of resisting disease is 
perhaps a more correct nteasnre of the real vigor of the body than its 
ontwnrd appearance of health. Individnala may often continue for 
jcars to breatlie a most nnwholcsome atmosphere without apparent 
lU-effeeta ; and when at last they yield, and are prostrated, or carried 
off by some snddea disease, the result is attribnted to the more ob- 
viotu eanse, the long course of {ireporution fbr it by subtle and insidi- 
ous pdsoning being entirely oTcrlookod. The mass of mankind refUse 
to recognize the action of silent, unseen canses. Our yonth in the 
morning of their days, and men in the meridian of their strength, 
pass abruptly away, and we will be satisfied with no solution of the 
problem which refers the moomfiii resnlt to reprehensible haman 
agency.* " llie action of contaminated conSned ur has been shown 
» be the most potent and insidions of mortiferoos agencies. Avy ad- 
dition to the natural atmosphere that we breathe mnst be a delerio- 
'ration, and abeolntdy noxious in a greater or less degree ; and health 

■'It l(aTideiitthitthedcpr«t!ui<<tacU of Ami drin not noDllnacl lo tli(aacu<u In 
■wUcb the Immtdtiilii ninilti of lU polMn ire torn. Rcctaat 11 nqalreia ^(cd qau- . 
tItrariMirboDJo iclil la Iba >It to uhlbli diel-tod tlTU0U.lt tOf noIAiDoir Uial ■ much 
|»w« inaponloB iocn not Mrtoqolj imptit Om vlUl aovrgie^ u 
ot raliUng dUuHL Wbih armlr oonrlnoal llut i 
tnvuln provM bill on (geunol ntta nnporccl t<h1 
Wrength H prailaiu aDIilliiiIad oipomra iD in atmo 
ml ail»r Bthilkilaiu IVmi tala awo lougK Va know Ibit *U dUaeM of low fmU, «fh 
lYtrj gmt utaol la 111 vanUUVd bngtaa ; <>• 
tbo eru hu bHa Mgbtrullr preialont In Uie 
II b» bo«n Incod to Imperftel TeDtUillon. tba Tja-dlntiiM 
Indn of tba gascnl d«i>mMOD of tba vlul powen; wa tnow, too, 
l» Trou'AUutia Uoiiilut^ tba mortalll; ttanC dawn tnim Ibitj la • 
I, opoD Iho (doptlan of ■ pni|iar (fittin of TDDlilaUoD. nod Ibil II niM 
M tabieqacnl ibandouiuiil of tbil lyiHni. TttoM tr« odIt lUoitts- 
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would iminediHtelj naffer, did not some vittil oon^erratiTe prion] 
acoomuodiite our functious to circumatimced aiid sCuatioD. Bat i 
,0 get we4kker from csertiou. Tlie more we draw on it, the 
balance it leaTcs !□ our favur. The vital power, wbicli in i 
natural state wonld carrj the body t« soTontj or eighty jears, 
maturely exhausted, and like the gnomon shadow, whose motion 
eye cau perceive, but whose arrival at a oertmn point in a definite timfl- 
ia inevitable, the latent malaria, which year after year i^eotns to inflict 
no perceptible iignry, is yet hurrying the bulk of mankind, with mi- 
deviating, silent, accelerating rapidity, to au unripe grave. It Hhonld 
never be overlooked, that by breathing pent-up ofiete air, all the 
vontagea of an abundance of fuel, and every blessing of a genial 
are utterly thfown away, aud though the habitation were on the 
top, fanned by the sweetest breezos of lieavon, it wonld become the-' 
focns of contagions and loathsome disease, and of death iu ltd most 
appalling nspeot On the other hand, even in the confined quarters ol 
a crowded dtj, rife in malaria, and where pestilence is striking whole 
fatuilitia and classes,. veutilaUon and warmth, with cleanliness, tb«ii 
usual attendant, like tbo sprinklings on the lintels and door-posti o< 
tha.Hebrew dwelliiiga, stand as a sign for the destroying angel, aa hi 
poMes over, to stay hia hand, for in the warm, fresh-aired oliambei. 
none may be smitten." — (Kern as.) 

824. HerkU MnUJ Cftcts of Bad Dr. — Dr. Robertsok remorlo- 
"The health, the mental and bodily functions, the spirit, temper, di»-' 
position, the correctness of the judgment and brilliancy of tlie iiuo^u- 
atiun depend directly upon iinreair." This is strongly put, but it is not 
an overstatement. As tlie inflowing stream of air is the imminent and 
instant condition of phymual life, so it is the immediate material agent* 
charged with the exalted function of establishing and maintaining tbo 
connection of mind and body. It is air acting definitely and qnanti- 
lively throQgli the bodily mechanism, tlint sustains the order and ac- 
tivity of the mind's faculties. Mind is thus physiologically condi- 
tioned, and one of tlie n^ighty tasks to which science must gird itself Id 
the future is to work ont the anal^U of these conditions. Mr. PuiKr, 
the eminent English physiologist, remarks: "The health of the mind, 
so far aa it is within our own ooiilrol, is subject to the some laws as ia 
the health of the body. For the briun, the 01^:011 of the mind, grows, 
aud is maintained ocoording ti> the same methods of nutrition as uvor; 
otiicr part of the body ; it is supplied by the some blood, and througli 
the blood, like any other part, may he afiected for good cir ill by tlia 
various physical influences to which it la exposed. Bat I will not 
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dwell on tills more t^an to assort, as eofuly dedncible from plijgiolugj, 
thut uu aL'liumi) of instmction or of legisktion can avail for the im- 
proveiuBDt of Iho hmnaii inind, wliicli does not provide witli eiiuoJ 
core for the woU-lwing of the lianian bodj. Deprive men of fiWi aii 
and pore wator, of the liglit of heaven, and of suflicient food and reat, 
and as Burclf OS their bodies will become dwarfed, and pallid, imd di&< 
eatted, so snrel; will their miada degenerate in inleUectnal and moral 
power." The immediate effect of breattung impnre air is to duad the 
mind's clearoeea, to doll its sharpness, and dcpreaa its energy. All the 
mental moTements are clogged, each facnlty suffering rcstraiut and 
I jwrversion. The wings of the imagination are clipped, rea»on loses its 
I kwnneas of puuetrutivn, and the judgment its acnteness of disoornmcnt 

■ and perspicacity. When we breathe bad sir, the impresuhihtjr of tlie 
I adnd isdiminuitied; if we nndorlaketo atudj, we can neither a nder- 

■ Stand so olearlj, nor remember ao well as if the air were pure, 80- 
L dally we become Iohs interostiog, the ajiirits fall, uouversation flags, 
r dnluess supervenes, we get impatient and irritable, and tiiere is too 
[ «ften a resort in these circamstancea to artilicial exhilarants, and stim- 
[ jilanta to afford relief which would be better secured by freshness and 
I pnrity of the fltmos[ihere. 



n.-RATE OF CONTAMINATION IVITHIN DOORS. 
I. Oxjgta wltbdrawn b) KeeplradMi, — Any sclieme for the removal 
L if foul air from na apartment, and the iotrodaction of tiraeh air in its 
L idsce, involves the previous inquiry, how rapidly onght this change to 
\ ba made t Our next question, then, u at what rate does the tur in 
relliuga become ooutamlDated I The amount of ur taken into Uie 
K^«t«m by different it dividuals, varies greatly according to ago, caps' 
' y of Innga, rate of exercise, and many other circimistances. Henot 
e is much discordonoe in the results of inqniries made by different 
B'pkyBiologiDta. The dlsagreemeut is also mach owing to the diffioultiee 
f attending this kind of caqterimenting. If we take as the basis of our 
P'Mlculation CoATitoPB^a eeUmate, the lowest that we can find, we shall 
j an average, tliat there are 20 respirations in a minnlo, atul 
Lilt ouch resjiiration, 16 cubic inches of ^r pass in and out of the Inn^ 
I This is equal to 830 onbic inches per roinnte, 19,300 per hour, 46D,B00 
iuchea or 2flO| cubic feet per day of S-t hours. VlEBonnTmallMLtiO 
Egiianlity 306| cubic feet, ScnABUKO 861 cubic feet ; and Vu^urrar as 
' ' Its 308 j cubic feet per day. As Jof tboairisoiygen, therewiUlNi 
■rouhiolnohesofthis gas taken into the longsat each inspiration. Of 
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this qoantity, very nearly one half is aljEorbed ^d entera the blood. 
We may safdy nfisuiiie Uiat 35 per cent, of the oij^cd is thoB absorbed 
at each broatli, or 7 per pent, of tbe entire iiir. Tlie quantity of oxygen 
consnmed n-ill be 22 to 24 cubic inches iter minnte, 1844 ODhio iacbee or 
S-4thB of acnbio foot per hour, and IB-Gcubiofeet pcrday. A person, 
therefore, roba of all its oiygen nearly four onbio feet of air per hoar, 
and diminishes its natural quantity 5 per cent, in 80 cobio feet per 
hoar, or !J cubic feet per minnte. 

83S. Praportlea »t Cubwale Add cibalcl hj BuplratlWL — When eorbou 
is completely burned in pure oaygen, the carbonio acid gas produced 
occupies exactly the space that the oxygen did before bumiog. If oil 
the oxj^n absorbed by respirotioQ was converted into carbonic acid 
in the system, the volume of tbia compound gas restored to Uie air 
woold be exactly equivalent to the oxygon withdrawn. Bat a portion 
of oxygen nnitoa with hydrogen and sulphur, forming water and snl- 
phnrio acid, while a small part of the carbonic acid generated within 
tbe body escapee into the air through the pores of the akin. The con- 
aeqaeace is, that Uie bulk or voliuno of carbonie acid expelled from 
tbe lungs 19 not quite equal to that of the oxygen absorbed. AHnming 
the quantity of carbonic acid in the expired air to be fi per cent., it 
will t>e one hundred times greater than the natural amoont in the at- 
mosphere (280). A person, therefore, by breatliing adds 1 per cent. 
of carbonic aoid to Eoi cubic feet of air in on hour, or would vitiate 
to ttiifl extent nearly ooe cubic foot iu a minute. 

827. OiTgcB wiUidrawB bf CaHbiEtloii.^The amount of combnatiun 
varies BO widely with the kbd of fuel used, the mode of burning it, 
the quantity of heat required, and other circumstances, that we can 
approach nothing like on average estimate of its iuSuenoe npon the 
^ in a given time. It is known with certainty how much oxygen 
given weights of the different fuels require ibr combustion, hut the 
amount withdrawn from the air of a room depends entirely iipon the 
rapidity with which it is consnmed. A pound of mineral coal requires 
the oxygen of 120 cubic feet of air to burn it (90), If five pounds 
are consumed in an hoar, at least 600 cubic feet of air must bo re~ 
moved from tlie room, Oombustion of fuel, however, does not, hko 
respiration, decompose the air, soparating the life-sustaining element, 
and leaving tbe residae in the apartmeot. If properly condncted, it 
removea tlie air from the room unchanged, and having decomposed it 
in tbe Are, dismisses the contaminated product tlirougli the flue. Very 
, ofLcD, however, when fires get low and draughts feeble, there is a ra- 
fluency of fonl gases into the apartment (ISIJ. 
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I , 89B. Air Tldattd by IHnMlutiBg PrMMM— The case is aifforent when 
fombiMioa is employed fur illuminating purposes, as in the borning 
of cwidles, oilj and gas; these, like the body in respiration, alter the 
mr nkhirt the room. A candle (six to the ponnd) will constuue one- 
third of the oxygen from 10 cubic feet of air per hour, while oil 
luujps with large bnmera will change in the same way TO feet per honr. 
Aa the degree of change in the bXc corretiponds with the amoaiit of 
Iif;lit evolved, it ia plain that gas-illnrainatioD altera the air moat 
ra[dd]y. A cubic foot of coal-gns oonsDmcs fVom 3 to 2^ onbio feet of 
oxygen, and prodacea 1 to 3 cable feet of carbonic acid. Thos ever; 
cubic foot of gaa burned imparta to the atmosphere 1 cnbic foot of 
carbonic acid, ond charges 100 cnbio feet with 1 per cent of it, making 
it anfit to breathe. A bnmer which consumed 4 cubic feet of gas 
per hour, spoils tho brealhiiig (qualities of 4Q0 cubic feet of air ia 
■Jint time (224). 

329. UlMHe sf Boldue ipon the qnutttr sf llr rcfBlre^. — It ha« 
been noticed that air which is either very dry, or very moist and 
dump, is disagreeable and Diiwholesome> It ahoutd not ooutaiu so 
little moiatnrc as to dry and stimalate the ahio ; dot bo much that it 
will not readiiy receive the inaenslble perspirutioa wtiiuh constantly 
llowB to the snrface. The amount of watery vapor emitted from the 
body has been atated at from 30 to 40 oanc«B per day. EsUmntes 
npou tliis point vary. If one of each sex be taken, the mean exhala- 
(iuii will be ahoDt 33 groins per minute. Now let na suppose the air 
of A room to be at 70*, and that it has to be oooled 20° before it 
begins to deposit moistnre, that is, ila dew-i>oint is at 60°. The onbio 
foot of dr at GO" contains 4'6 grains of moistnre, and at TO" it will 
hold 8'4 grfuna, ao that it is capable of dissolving 8*9, or nearly 4 gra. 
of water. Of air in this state, it will require about 6 oniric feet per 
minnte to diasolve and remove the iosensibte perspiration from the 
skin. If the dew-point be lower, the oir will take np more walar, and 
lei« of it will be required to evaporate the moisture of the body. 
But if the dew-point be higher, the air will receive le«a nioistitre, oiid 
the nystcin will require a larger supply. If the dew-point La at 00° 
and the temperature of the air at 70°, a cnhio foot of it will become 
saliirated by the addition of S'lT graina, so Uiat 10 feet per mlnnte 
wfinM hardly carry off the cutaneous eihaJjrtion. To bo pleasant, air 
must not be deficient in moisture ; if it be nearly saturated, it oan im- 
bibe but little, and ooaoeqaently mnoh of it must be brought in oon- 
.act with the ayatem ; and ihia necessarily involves largo prov inon for 
, change of air. 
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330. lir fUtfod kj mt foan U a HtaHe. — ^These sonrcce of impnrit; 
are capable of iDeaanrement in their rate of effect, but there are othu' 
U^flncncee so irregular in action that the resnlts tbcj prodoce ciuuiot 
be eetdinat«d. The whole qnantit]' of air tuinled by cmanationE from 
the pereon, and which requires removal, is variooslj stated by different 
authorities at fhtm 3^ to 10 cubic feet per minute. We are of opinion, 
that for the restoration of its lost oijgeo, the removal of carbonie 
acid, {nsenHible perspiration, and the peculiar efSavia of the liTiiig 
bodj, there are required, at the lowest estimate, 4 cubic feet of mt 
in a minute, or S40 per hour. But this may be mnch too low. 
It ia evident that tbe nearer the air breatlied within doors, approaches 
In parity and freshness to tlio free and open atmosphere, the better 
will it conduce to health, etrongth, and length of life. As far as pos- 
sible we ought not to limit onrsclree to that sup]ilf which the coiisti- 
tatioD can bear or tolerate, but to that amount which will enstiun tlie 
highest state of health for the longest time. And yet, as Br. Reid 
remarkB, the qnestion of the amonnt of air to be supplied may be con- 
udered in some respects in an economical point of view, in the same 
manner as the table any one can afford to SDstJiiii, the house in whiah 
he may dwell, or the clothing he may put on. Although pnre air is 
the most abundant of all tilings, yet in oar plan 
means free of cost (3S3). 

331. lilatBW eT size nf IpartneoUL— The emol 
the sooner, of course, will the stock of pure a 
bauated and replaced by foul air. Three persons sitting i 
room 8 feet high, and 13 by 14 square, will vitiate aU its air in two 
hours. If they unj lights the air will be spoiled mnoh qaiukor. 
Twelve person.^ ^tting in a parlor Ifi by SO and 9 feet high, will make 
its air uubreathable without tlio ossistanoo of either £re or lights in a 
MngU hour. Two persons sleeping in a close bedroom 10 feet square 
by 8 high, will render all its air unfit for respiration in loss than two 
hours. In actual practice, the cases are not quite so bad as this, foi 
with the utmost perfection of carpentry there will be cracks for the 
passage of air, though perhaps in email quantities ; and the opening 
luid closing of doors cause iutermixture and cnrrentA, and this some- 
what delays the result. Where the rooms are capacious, the reservoirs 
of ur are more slowly contain inat«il, and if no means are taken lo 
remove the fool air and introduce that which is pure, large-iuzed rooios 
ore of the utmost importance. But no apartments of ordinary or prac- 
ticable dimensions will enclose sufficient air for the agreeable aud whole- 
tome use of tlieir occnpantn. This must he attained in imother way. 
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•f Plulx spOB the Alt of Emims* — The general actinn 
«f plftiiU n[>OQ tbu nir is aiitt^ouist to that of aniniiils. In the day 
I'liuie, under the iufluenoe uf light, thoj ahaorb carboaio acid from the 
•tiiiosphere by their leaves, decompose it, and rvtoro pore oxygen to 
■ii>o oiir, thns tending bj a Jonble at^tiou to porify it. The rate ut 
iWhich these changes occur oorreaponda with the octmty of growth. 
The plan*, however, derives a portion of ils carbonio a*!id irom the 
t.«oil, espeoiall; if it be rich, in deoumponug orgaoic matter, like the 
.garden monld of flowcr-poU. Compared ^ith the ordinary rate of 
«ontuiniuatlun in oocapiud apartmenta, the pnrifying effect of the few 
i^reen plouts usiiuUy kept, is but small. In the absence of light, the 
;I»ouiiar aotiona of tho leaves are ensjiendod, nay, revereed; they 
BOW rather absorb oxygen, and give off carbonic acid, like onriwlTes, 
Beuce, in eleoping-rooms, their tendency would be bo imparity of the 
4ir, UioQgh the action is probably Tery slight. As respecta nioistnre 
plants are also like animala, constantly exhaling it throngh the pores 
,,et their leaves. According to Ualb's expeiiracnt, a snnflower weigh- 
8 lb«. exlinlcd from its loaves 30 oonoos of water in a day. Plauta 
inay therefore be a lueM means of supplying dr/ air with the reqnisits 
Irani idity. 

VIL-AUl IN MOTION-CUBEENTS-DBAIjGHTS. 

833. Two Btthadi af pBrlf^Ing the Air.— Pure air may be secnrttd in 

two ways : first nud most perfectly hy the removal of the vitiated at- 
Biosphere of the apartment, and its replacement by fresh air from out 
,tt doors. This ia tho mechanical method, and is known as veati- 
thtion, — a Uaro deilved from the I^tin word ragnilying vind. Tho 
tfit may nlao be more or less perfectly cleansed by means of snbstanoes 
>which absorb, decompose and destroy its noxiuos ingredients. Tlus 
la the ehemKal niotliod. It ia nscfu] only under certain ciroumstaneea, 
'■nd ia nut miplicmble in common cases (802). 

S34. HMIve Fewer caplvied.— Aa ventilation consists in the move- 
inout of misBes of wr, it implies some kind of moving force. Oa a 
Urge scale, as for pnblic liiuldings, revolving fans, pumiia, bellows, Ac, 
^driven by staam-euginea or water-power, have been nsed to impart 
I'movement to air. But the«e contrivances are impractlcabla for 
dwellings. Wind power is often nsed as an aid in veutilation, bnt lis 
nnsteadineis prevents na from depending npon it. The force genera 
■lly reeorted to in private residences to secoro exchange of air 
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335. GmrentB vf Air In ClMC ApulnMilSi — Changes of temperatnro 

oxtcrnally give riso to nnccusing cummotiuns in the air — breezes, 
wiuda, and liurricauee. Tbe saino tiiiog occnrs within dixira ; auy 
portion of sii heated becomes lighter and causes nn ascending current ; 
_^ „ any portion cooled baconiesdeuser 

-, and causes a descending cnnent 
a candle be lit in the middle 
a room (Tig, 72) where tho 
doors, windows and flacs are 
closed, and the air is motionless, 
a Bet of cnirenta will rise in the 
centre of tho room, spread out 
near tbo wall, to its eidos, then 
descend and return along tbe floor 
to tbo centre again. Tbe arrows 
D the diagram show the direction 
of tho cnrrenls in a Sfction of tho 
apartment. Fig. 78 shows the 
direction of tbo cnrronta along the floor, that ia, on a plattf da it 
Is termed. If tbe arrows (Fig, 73) were reversed, tbey wonld abow 
the oonrse of the cmrenta nt the top of tlie room. If a lump of ioe 
be Bnbstitnted for tho candle, currents are again prodoood, bnt tbey 
we eicnctly reversed in direction (853), Tlio air desoends from the 
cold ice, and tbe cofrents on tbe 
wr run outwards. In each of the«e 
aes, the currents above and bolow 
e opposite. All local distarbsnoea 
of temperatnre lend to prodnce rimi- 
lor efl*ect.9, although the cnrrenls ar« 
commonly much interrupled by dis- 
tnrbing forces. Of course eeveral 
lights would occasion several cnr- 
rents, which would mutually inter- 
fere with each other, A atoTe in 
the centre of tho room produces just 
such a movement of air as we have 
n established by tlio candle ; bnt 
If placed at one side, tbe hot-air ascends on that aide and descends on 
tbo opposite. 

S3S. Nstual TeallUUu «f tbe PersH. — The warmth of the human 
body imparts itself to the layer of surrounding air, eipanda it, and 



Fn, n. 




DOWtlWASD CtrBHENTB TS 'WIHTKB TBOU WIKD0W8. 167 

eaoses a rising cnrrent (107). When the tcmperdtnro of the rcK>m ia 
66°, the body is aS" waniior, wliilu 4" ulded to the uiroumJBcent nir 
wUi cdose it to aaoeail and escape aboTe tbe boiul. The simple 
1 individunl in a room ia therefore Boffieient to throw 
ir into movement and cause carreuta. The body thus aeta pre- 
ofseiy iu the same way aa a atuve, and the preseace of peraons dis- 
trihated tlirongh a room will add mach complexity to the tnovemeata 
of the air. and to a small estent counloroct the Btove-cnrrents. 

S37. Wladewt, tlMigh dght, produe CnrrcBti.— .Windows, in cold 
weather, thoagh cotirely tight, so that QO aie passes their crevices, ore 
always sources of descending onrrentB of air, with a corresponding 
uoeoding movement (Fig. 74). When between the internal warm air 
and Iho external cold air there ia only one thin film of wluduw-gloss, 
tbe host eecapes throagh it so fhst that the air within is rupidlf 
oooled, condensed, and i>econieB heavier, so tliot a sheet of it is con- 
stantly falling to the floor- Tiiifl cascade j,^ ^^ 
Af cold air ia fi:«qiiently so senaible in 
I winter that persons are tipt to suppose 
I It comes t^om some opening abont tbe 
I irindow. These winter window cnrrents p 
I are ottiM moet injnrions. If there be 
^ts through tbe room, prodaced by 
I afire or any otJmr cansc, they throw the 
I window currtrnt out of its dlreotion more 
ess to one Bide, so as frequently to 
upon persons who snppoeo tbem- 
W nlves to be safely away from any snob 



B of discomfort. Large windows \, 
P'Ib public rooma, in winter, should on 
Is aecoHut be carefully avoided, as tlio 
I Mtaract of oold air which they pour down upon tbe body is a fre- 
1 yient cause of rheaoiatism, oolda, and inflammations. Sucli sheets of 
1 air often fidl with mlschievona effect upon sleepers, where beds are 
I ^aced near windows. It may bo remarked that in snmmor tbew 
I surrents are reversed; tbe heat, pos^g from without tbrongh the 
I Window glass, rarefies the air in contact with it, which rises so that the 
I aorrent passes in a contrary direction (2S9). 

. TkeAlr af retHsarramged !■ strata. — But the effect of cnrrents 
X) canse a perfect inter mi xtnro with uniformity in tbe condition 
B«t tbe air throughout the room. Indeed, the very oausa thatgiTea 
o them is the tendency uf cold air to M into tbe lower pUec^ 
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wbileitprasMDpwardtbst which is wftTm and lighter. Hence, not' 
withstauding its conetaot motion, the air is in fuut omuiged in lajera 
or strata, according to ite temijierature, the hotter air coUecting uear 
Ihe cwiliog, and the layers decieadug in tetiiperstare downward^ as 
waaprevioQslr stated (13S). The differenoe of theM temperatures is 
sometimes so considerable that dies will contanne to U«o in one Btratam 
whioh would perish in another. Now the warm and rarefied air wluoh 
rises to the upper part of the room cont^ns atao theiiupnroair which 
has been generated within it. The breath which oecapes Ji-om the 
Inn^ 20° or 30° wanner than the snrroimdiQg air, slowljr rises above 
the head, while ascending curronta from the body carry upward all 
lis eiljslations (334). So also the heated poisonous products of iUo- 
mination mount rapidly to the ceiling. The effect of current; is, to a 
eertain extent, to diffuse the foul gasea tbronghout the apartiiient, but 
chenucal teats show the same *trat{/iealioa of tmpun'fuw that tho 
tbennomoter indicated in regard to heat, the best air belug below and 
the vrurst above. lu a room baring a fireplace, the coM air may cater at 
the top and bottom of a window, fitU towards the floor and move 
along near it to t!ie fine, where it is discharged. In its progress it 
may even blow strongt? upon a bed made on the floor, while all the 
air above, enveloping a bedstead of ordlitary height, remains loaded 
with carbonic acid and aqueous vapor. In all ordinary rooms Oifi 
Root is swept by dranghts of cold air, aod is mifit fur a sleeping plaoc^ 
etpenaUy if the Ofiartnunf* liate npenjir^plact*. 

330. Slapte opnihigs i» not predste Carmta.— If an apartment be 

opened to the external air, various movements aro liable to occur, or 

^ « ».„ t. fie™ wiU btt 



all, arccording 
to dream- 
stauces. lb 

follows that 
because n 
communica- 
tion Las been 
opened be- 



and tlie outer air, therefore corrcnts will set in and an active inter- 
change take place. Air will not leap out of a bolttc because we cz- 
tract the ooric, uor oat of a window aimply because we open it. Gar- 
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rents oannot bo produced nnlcss their mwjm uto bronglit into aotiOQ. 
If a room be oiieocd belon', and the temp«rsture wiUiin be higher 
than that witbiml, 03 rupreacatod iu Fig. 76, the oaUr, Iteavior air, 
pmasliig harder than that wichli^ will conflDe it, no luoTcment vrill 
take plaoe, and the strata will retain their relative positions undis- 
tnrbed, as in the G^re ; or, if the room be opened above, ood the 
external air be warmer than the internal (Fig. ?G), the lighter air with- 
out ononot presa down to displace the ionor, heavier air, whiuh re- 
xuins wiLliont morement or disturboDce of its arraogemcDt. 
340. Cimate between tmhi aad citenul llr> — If there be an opcn- 
iBg at the lower part of a room, and the external air be warmer 
ttnD that within, interchange takes [ilace, the outward air displaoing 
that within by onrrents running (a the arrowH show (Fig. 77), tbe 
ier air within falling or flowing out. If the opening he above, 
ud it be 

ride than 

nt, the light 

Idr inside 

Trill espflpo 

^iward, and 

tLeoold,bea- 

^ air with- 

Nt llowa in, 

■■ shown in 

llg.78. If 

there be but a single opening to a room, although all other coudi- 

Hons are favorable for a change, yet the counter cnrrenta meeting in 

Ab paa^age conflict, and to a certain extent obstruct each other. 

There should, therefore, be separate openings for currents of Ingress 

*nd egress. 

S41. FrlttlM tt Muler-«arMBts of ilr.— The importance of having 
two independent openings to on aportmenl, if wo desire to secnre a 
abange nf air, is sliown by the following simple experiment; Take n hot- 
tie with tlie bottom removed, or alamp chimney (Fig 7d), place nnder it 
ft short piece of burning candle in a shallow dish of water, so that no 
can get in from below; now, although the stopper be removed so 
it the inside of the bottle has direct comuimiication with the outer 
■It, tlie candle will go out. Althoagli there is a tendency of the 
rnt air to escape and of the frvsh air to rush in, yet thej cannot 
a each other at the open month ; the cnrrents conflict and tbe 
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eiohjinge does not take plaeo. Tot, if a dip of paper be inserted ia 
the moatli of tha bottle or lftm])-glBS9, oa seen in Fig. 79, thns dividing 
it into two dialinct apertnres, tbo lit candle will oon- 
ttnnetobarn. The foul air will pe^ oat on one side 
of the pasteboard and the pure air eater on the 
other, as may be aliownby the smoke from the snnff 
of a candlo held near; itwfl]bedrawn-ino&one«de 
and carried up on the other. The parity of the mt 
within is thus secured. When the opening, how- 
y eTer, Ib sufficiently large, the cnrreDta pass wilhoat 
difficalty, as is easily iUostrated. If the dour of a 
warm apartment be opened, and a candle placed 

witrds ; if it bo raised nearly to the top of the door 
it will bo blown outward, aa illustrated in Fig. 60. The warm ur 
flows ontBt the higher openiugH. If the air of the room be VBormer 
than that wilhoot, it enters by all the 
•i near the bottom, and escapes 
,by tliose near the top, and the reverse 




m. so. 
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-"T if it be toWer. 

342. CuTMts thnagk WMem. — 

, , Droughla throngU wiudowB and doora 
V^. 1 are often not effectual in removing all 
) . the air of rooms. In the case just 
L instanced (Fig. 80), of the open door, 
III 1 1 I ij(»^ jf ,.['_^/ . the coid air below enters and eiliela 
\ ILK-]Jg^— \^^ an equal portion of the warmer air, 
'JP^''^ ~l^<i^bntouly thatwill flow oat which Iie« 

. below the level of the door-top. The 
mass of air above this level will not 
bo displaced. If, however, the temperature of the room were ot 80', 
and that of the outer air at 70°, an open door would evacnate the 
room entirely of its airy contents ; the colder lur iji tlie room tending 
to fall would pour ont at the bottom, ancl the wann air enter at the 
top to take its place. If a window be situaled in the upper part of 
the room and opened, its action is different, and is a manner opposite 
to that of the door. When the air is cold without and warm withb, 
oad the window opened above and bolow, the apartment ia emptied 
and refilled as in Fig. 61. If the eiteninl air w warm and that within 
cool, all aJ(»pa the window sill is removed {Fig. 62), bat the cold air 
below that level ooDtinnee nndiiitnrbed. By thos imderfitanding the 
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eonditinna of mflow luid ontflov, we are eonbled to regnlato windoTB 
haviag both sashes movable, and which are oRen valuable for venti- 
lating private rooms. Although the intiirfercnee of other causes is 
liable to modify, and perhaps often ^^^ ^, 

oooToBe and divert thvse movements, 
jct they ore qnite snfficicnt to show 
that the moUon and rest of air are 
controlled by kivB as definite and rcg- 

s those whicli govern the mo- ^fi 
tkiD and rest of water. Thoagh infi- 
I vilely more light, mobile, and easily 
I 4^tated, yet it is never thrown into 
I «omniotion except by adequate and ap- 
[ 'predablo causes. 

843. B«wairr«tl**rilraftiettktSj«- 
nsations produced upon 
tbe body by gently-moving currents of ibove. 

I air in proper wnditions of temperature and moistnre are extremely 
I igreoiiblc, but in many coses streams of air directed against the per- 
I i|on become most injnrions. Air at low temperatorea of course lias a 
I ttouliag effect We lose no more heat by radiation m moving air than 
I In still air, but by eonduction we lose beat ^ „ 

I In proportion to the velocity of the cnr- 
f not or the Domber of particles which 
n contact with the body. Thecnr- 
I nnt also drives the cold air through the 
I dothing, displaoing the warm ^r which 
I irts entangled in its pores. Increased 
I avaporation, proportional to the dtyaoss 
1 speed of the ur, is also a further 
I narce of cold. If the whole surfaee of 
e body is exposed to the cnrrent, the 
I affect will be simply a geoeral cooling 
I irithuut any necenorily ii^arions eSccts. 
I But if the draught faJl only upon aome 

frpart of the body, it is liable to prodnco sorions mtsohief^ distnrb- 
\. log the circulation and producing febrile movemento, which may be 
f direuled totho part exposed to thedraiiglit or even to remote organs, 
I In either case often Inying the foundation for serious and fatal disease, 
is point shoold be particolarly oonsidered in Introducing air in sum- 
r wbiuli has been artifioially cooled (362); its dilFusion should be 
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verj eiteuMve and its velocity bordly perceptible. Of course w« can- 
not bare ventilation without movonieut of air, bnt the motion Eibonld 
be so moderated that we are uot anare of i1, anil is oln-gja to bo con- 
udered Id coimection with the two luiportaat conditions of t«miien- 
tnre ftnd moisture. We have made several trials to detennino tbe ve- 
locity which, 09 a general rule, with a proper regard to other oondt- 
tiooB, will Dot be found nnpleasant, and give aa tlie resnlt atxiut two 
feet per second. It Is evidently no greater tlum that with whici we 
should pass throngh still air when walking with tbe same velucitf. 
(WiMiN,) Yet it is important that we be eiposcd to cnrrents. Few 
things are more favorable to taking cold thou the ooDtinod and stag- 
nant air of nnventilaled npartments. Jnst in proportion as we habit- 
nate onrselves to soch atili, stagnant (Ur, do we become sensitive to at- 
mospheric changes, against which it is impossible perfectly to protect 
onrselves on going out. The effect of a free internal oiroulalion of atr 
in onr roams is therefore most salntary ; the more -we are occnstumed 
to it, the safer we arc in the vicissitudes of changing weather. 
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344. Tie open FlrrpliM, — The mechanical expedients for « 
exchange of air in divcIUngs are namerona, but they are chiefly ct 
nected with arrangeraenta for heating. Wlierever there is active oom 
bnsijon in stove or fireplace, there must be a stream of air paanng 
out of the room throagh the chimney. If tlio room be absolntdy 
tight, so that no air can enter it, none will ascend, and if the fire be 
kindled the chimney will smoke. A dranght through a chimney im~ 
plies openings somewhere for ur to enter the room, and thus there la 
some ventilation aa a matter of necessity. In noticing the heating ef- 
fect of the fireplace, we saw that the open space above the fire oon- 
veys away a large amount of wanned air IVom the room, which took 
no partin the oombnsdon and wasted ranch heat. Bnt thia fault was 
an advantage in respect of ventilation. The magnitude of the open 
space above the firo reprcacnta the ventilating capacity of the chim- 
ney, Bnt it is from the air below the level of the numtel — the purest 
tn the apartment— that the flreplaoo is supplied. Only so muob of 
the fool imprisoned air above as gradually cools and descends, be- 
ing swept into the chimney. When the weather is quite cold, the 
briskness of the fire that is demanded, occa^iions a powerful draught 
and produces annoying carrents. So powerful wore these drnughta in 
old timea, that they were couijiellcd to use a Kitle, a long bench with 
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ft high wooden bock, to protect the bndj from currents nnd retnn the 
radiftQt heat in order to keep warm. " It wunld be well for tliose who 
qnostion the importsure of ventilation, becanse oni forefOithors lived 
to A f^ood old uge wiLhont even understanding the meaning ot the 
word, to remember their tlrephices, the kind of dwellings thej occu- 
pied, Knd the qnantity of air which moat have passed tlirongh their 
houses." It c-nnnot be doubted that the changea which have of late 
years been oSvcted in tlio etmctnro of the flre|>lace to secure the 
greater economy of fael — the contraction of ita dimensiona and the 
lowering of the ohimney-ploce, bj diminishlDg the amount of air that 
iriLS forced through the room to fill the oapacioaa cbimner, and bj 
bringing the foul-air space down more oompletelf within the n 
respiration — have been aitogetlier nntlavorable ; although, eTen in their 
newer construction, open fires niaj be considered as affording a toler- 
able amount of ventilation. Fresh air is well ftecnrod bj the di 
fireplace, which warms and Introdocea into the room a steady stream 
of airfrom without. (111.) 

84S. THtllatlaa ij SUtt*. — As respicta the emulitum of tt 
exchange of even the low and contracted fireplace for the close and 
■tiflixtg stove, baa been omineui.ly promotive of discomfort and dist 
I foives afford the least ventilation of all our means of heating. Thej 
I bike little more air than just enffioient to coiuiime the fool, and that 
L b withdrawn from the paror portion near the floor. In most ci 
I tlie use of Btovea, no provision whatever is made for tlie removal of 
1 bod air. Thej ma; be made subservient to ventilatioD in se 
I ways ; first, bj allowing air to pass through tubes in the bwlf o 

; second, by admitting it between the stove and au external 
t ; and third, by simply allowing it to strike upon tlie eitemol 
« of the stove. Id either case the entering air will be warmed, 
i ibe toward the ceiling, and afterward gradually deiceud as the air 
E Mow is drawn nS, producing a downward voutUatiun through the 
r»holo apartment. Mr. Ruttan, of Cobnrg, 0. W.,hBS devised a plan 
I ct heating and ventilating, strongly recommended by those who have 
Y wed it, although we have had no opportunity of seeing its o[ieration. 
I Be locates his 'tur-warmer' in the hall, or where required, brings in 
« air from below, heats and tranntiits it through the bnilding. For 
E the best working of his arrangement it is important that the house be 
■'bnilt with rofcreace to it ; indeed, ho insists that the general failure U 
B>entilate is bcoimse the architects fail to provide the necessary tangt 
B the original coustruotloa of dwellings (802). 

UC TeatlkllM bT B*t-llr AmugeMitt. — Sources of warmth be- 




ABBAKQEUENTS FOB YENTUATION. 



tbe moat effective means of ventUatioa nhen air itself is mode 
the vehicle for conveying beat into tiie Toom, aa in the use of hot- 
water apparatna, furaacea, &c. The hot current enters through a 
register, or yarded opening, and streams up ut once to the ceiliag; 
and by diffusion through Hie apartment, displaces Uio air alreadv 
present, which mnst find escape somewhere, and thus the renewal of 
tbe breathing mediam is constantly secured. Apartments warmed in 
this mamier require a ohiinnej or other place by which air may escape. 
The fireplace answera perfectly ; but nnder tbe impression that rooms 
heated lij air-cnrronts require no channel of escape, hoases have been 
OODBtmcted with uo flues at all. The air onght to be projected into 
the room horizontally or at different points, so as to be well diffused 
(ISS). It shoold always be derived Arom perfectly pare aonrces, and 
nerer nsed a second time. Bat (he chief difficulty and danger, as 
before noticed, la to be found in that condition of the air itseH which 
resolts from its being suddenly heated (306). 

84T. Tbe Bipplf of HobtWC. — The provision for supplying moistnre 
bj evaporation is rarely any thing like adequate, a supply of 85 cubic 
feet of air per minute introduced at the temperature of freezing and 
heated to 90°, is capable of taking np on ounce of water per niionte, 
or fonr pounds in an honr. Dr. Reid states, tliat in ventilating tbe 
English Uoase of Commons, wbon it was crowded, ho often exposed 
tbe fur fhrnished to 6,000 feet of evaporating surface, to impart the 
necessary moisture, ajtd mhaeqvtntly made the air flow through JeU 
of waUr. The artificial supply of moistnre to air in the exact quan- 
tity required, involves grave difflooltiea. The oommou method of 
BOpplTing hnmidity by simmering water in an open vessel, is glaringly 
Insufficient. A pan of water id placed in a furnace,* bat of the torrent 
of air that rushes throngh, how little is brought into oontaot with the 
water. We place a vease! upon a stove with a few square inches of 
watoi'-snrface, and fancy all is right, hut the air may still be parching 
dry. Where air in cold weather is introduced, euddenly rarefied by 
beat, and actively changing, we have little conception of tbe amonnt 
of moisture which mnat be artificiaUy added to give to it soU and 
balmy qualities. Tbe best tiling to bo done of course is, to obtain the 
largest possible evaporating snrfnce. To accomplish this, a piece of 
linen or cotton cloth dipped in a vessel of water, may be hung in folds 
framework or support. The cloth, by spong^og 
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ap the nal«r \e always wet, and gives ont its moistiirB to tha dr. If 
provioosly dipped into a Bolntion of potaah, which is very absorbent 
of water, it continneB more perfectly wet. If it bo uiiBigliUy, tbe bus- 
pcnded clotli may be coocealod from view by any gracefal screen, ns 
by a tower-ahsped cover of porcelain, open above and below to admit 
the passage of air. Wbere hot-air is used, it may eroa become neoc»- 
lary to mingle with it the vapor of boiling water. 

849. BMt BKtbtd •( W««lDg Uld fentlUIlM— If we wonid have the 

pleaaant«et mode of wanning and ventilating a dwell ing-honse, with- 

oat regard to trouble or expense, we shoold certainly combine tbe 

open fireplace with air-heating apparatus, which should never exceed 

in temperature 212°. The first is desirable for its pleasant light and 

radiant heat, while the second gives to the entries and chambers a 

nuld atmosphere, which prevents cold draughts from open doors, and 

' Bt the same time, through an opening in each apartment, moderately 

irarms it, and likewise supplies air for the ventilation going on by the 

k fireplace. The fireplace also has its iofluence upon the introduction 

1 1^ the warmed air. The beat of tbe chimney eatablishes a current 

f irliicb draws from the air-heating apparatus a large supply of air at a 

ir temperature than would otherwise enter the l^)artment. We 

T of no single apparatus which warms and ventilates a dwelling- 

o healthy and comfortable a manner a» ie accomjiUshed by 

is combination. — Wtmih. Yet it can only be had by very few ; for 

e moss of tlie people it Is entirely out of tlio question from e*pen- 

|j|Tcnes8. 

>. Siprly tf ilr %j iMwe Jelnli^, CreriMs, Jit. — Ilot-air con- 
ies of any kind, although coming more into nse, especially in 
Ktitica, are by no menus general. Grates and stovee are the nearly 
rvnivenal soarces of heat, and the latter of these cannot t>e said to 
VVKitilato at all. No provision is made for the entrance and exit of 
The use of doors to rooms is for the admission of their oocu- 
I Jwnts, windows are for the entrance of light, and it would certainly 
I Wem, both from ita importance and peculiar jiroportice, that air also 
I Js entitled to an entrance of its own. Yet in most cases wo treat the 
Wtit as if it had no business in ooi dwellings. It has to avail itself of 
rttte mechanics' botch-work or the ohnnc« shrinkages of time, and 
■ Weep through any crevices and wind-chinks that there may happen 
I to be, or dodge in and out at the casual opening of windows and 
lidoora. These croclis and loose jomingi aflbrd a kind of imperfect 
iHoidental ventilation, which, by efficting the purpose in a partial 
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degree, has prevented mankind from discovering the want of aoj 
thing better, 

360. Foar points to be sef ari4 In VenUUUM. — Tliat vcnl^tJon maj 
be complete, and do for as its best service, four things must be at- 
tended to, 

FiTtt. Pure air must be introduced. ^^- 

Seamd. The foul air muet be removed. a^H 

Third. The supply mUHt be sufficiently copions, ^^| 

Fourth, There moat bo no offensive omrents, .^^ 

Kow BA things usufdlj ore, none of these pointe are certuulf m- 
onred. Tliere is no constant and regnlated Bnpply of air, this being 
left entirel; to chanoo. There is no provision for the exit of the 
vitiated gases. All the air that is drawn off i>ora the apartment is 
taken from its lower and porer portion by the dranghla of the stove 
and firepkce, while that which tfuiitld escape stagnates above. The ' 
quantity furnished is therefore variable and usnolly stinted, while in- 
jurions draughts are uotorionslj common. Independent and effective 
methods of changing the air, hj which these ennmcrated benefits m^ 
he giuned, are on every accoQUt desirable. 

351. nadei %t latredndig pare ilr ti%m ulthsnt. — In summer the 
free opening of doors and windows ensnres a snpplj of air. It is a 
good plan to have light door-frames fitted to Ihe onter cntranoea, lutd 
covered with wlreclolli or some loose fabric^ as milUnet, through 
which the ur will pass readily, bnt in a didiised manner. In winter 
the SIT should always, if possible, be warmed before being thrown 
into the apartment. For introducing more fresh air than oocidenlAl 
Sssnres will admit, the readiest way is to lower the t«p window sash, 
olthongh the stream of cold lur which presses in and is both nnpleas- 
ant and nnsofe, fallj to the floor and glides to the stove or fireplace 
wilhont being snfGcienlly commingled with the general atmosphere to 
eerve the purpose of ventilution. It becomes a mere feeder of the fireu 
To disperse cold currents of air from above, a plate of zino perforated 
with namerons holes is made to rephice the pone of glass ftirthe«t from 
the flreplaoe and in the upper row of the window. Lmitrm made 
either of tin, zinc or glass, with horleontal openings and slats like 
Venetian blinds, are also snbstitntad for window pones. A enudl tin 
wheel or whirLpg, which revolves and scatters the inflowing current, 
is sometimes monnted in the window; it is often noisy and rattUng. 
Id arranging openings for the entrance of air, scvertd circnmstances 
are to be home in mind. The air should always be fresh from with- 
t and not, u is too oflen doiio where hot-air fumacea are nwdi 
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taken from cellars or baseitieuts, or what is Blill worse, used over and 
over again. If there Ihj loeal Bources of impurity in the vicinity, 
apertareB should not be placed favorably to it« admission. Where 
dost is an annoyance, or ttom auy cause there is contamination of air 
near the gronnd, tlie sapply ma; be broaglit from the top of the house. 
Oponinga are made under the eaves, or in some elig^Uo plaoe near the 
Rimmit, leading to chamieb left in the walls, called J)reih-air renti- 
duct*. whicb pass down and open into the room in any coureniiint 
manner. The prevailing direction of the wind sliould also lie noticed, 
•s it ia demrabie to command ita aid as tbr as possible ia forctog mr 
into the bailding. £HERS0»'a injector (Fig. 83) causes a downward 
onrreut from whatever qnarter Oie wind may ^ „ 

blow upon it. All outer apertures shonid be 
guarded with valves. Air entering them nni 
Jed along proper pflKagce, either in tin tubes — J^ 
■or air-tight wooden boiea, is admitted into ' 
t various points. There may l>0 
ps made along behind the baeo or 
I nop-boord, communicating with the room b^ 
\ innamerable minute opeuings, through which 
' pastea. Or the inflowing oorrents 
I 'inay be received through registers or made to 
rise through small apertures in the floor. 

853. ThedawvwardCvTMl.— Air once breathed mnst not be ogtdn 
I brought within the cpbore of respiration, but shotdd it 1>o removed 
'award or npwoi^ ) The air tlirown from the lungs escapee hori- 
I iontallj from the mouth and downward fWim the nostrils; it may 
I tisun Im swept without diffioolty by tlie ventilating current in oitbcr 
['direction. In caaes whore hot air is thrown into the room, it first ri^es 

I to the ceiling, and then, as it !s gradually cooled, falls, and is mainly 

I I dnwn off by the fireplace below the plane of respiration. This is in 
effect a downward cnrrent, bat it b hardly strong enough to carry the 
breath down with it. It ascends, b diluted by the upper air, and fidl- ^ 
Ing oeain Is liable to be reinhaled. A descending current of air arti- 
flcinll/ cooled has bceu employed for ventilation; in fact, rooms con 

,s eflcctnally ventilated in summer by the aid of coolers placed 
I •born them, ae they ore in winter by the beater helow them. Lnus'a 
L mntllater (Fig. 84), conjiistA of a reservoir of ice — A, the bottom of 
i -irhich is an open grate ; £ la n gutter to catch tlie water trom 
klho melting ioe; C^ is a pipe or flue, through whicb a stream of 

1 oondenaed l^r &11a constantly-, as abowu by the coarse of 
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tije arrows ; Jl, a wire pmzo box filled with 
ooa], wiiicli proventa tho waste of ice by 
and didinrecta and pm-ifii.'a the desceoding tur. 
force of t!ie current dependi) on tho lengtli of the oold 
wr flue and its temperature, compared with tbe otit«r 
air. In hot weather tho breeze continues quite brisk. 
This arrangement, on a email scale, bos been mounted 
on seuretarien, to eecore a cool and refreshing air while 
' writing; over beds, to cool the air while sleeping; 
and OTcr cradles, to famish pare air for dck children 
, (8*1)- 

353. The iHtDdlng Cnnent mut Kalutl. — We have 
Kiticed that by a boootiful provision of nature, venti- 
latimKif tht person is conatoutlf taking plui'e. The 
raqnisile mechanism of the hnmau gyatem wonid have t>een created to 
Utile pnrpose if it hod been left to smother in its own polBun. A gentle 
and insensible current constantly rises from the body, which carries 
allthatmight beinjurions into the higher spaces. Vitiated air would 
thus constantly escape fivm us if it coold. But in our honses we do- 
feat the benign intentions p! nature by enclosing the spaces above na, 
so that the dotrimonta] gaaca accumulate in the upper half of the 
room, Burroonding the head and corrupting the respiratory fountaio. 
It is thus evident that if we deure to iud nature in ber plansj wc must 
r puncture the air-tight covers of our apartments, so that 
d complete escape of foul air shall not he obstmclod. 
854. VeatldBiitt and ^MtoH>— Openings for the escape of these 
gases above are indispensable, Each room fifteen feet square, for 
accommodation of six or eight individuals, should have a fine for tha 
escape of foul air, either in the chimney or elsewhere, of at least 100 
inches area. A bedroom should have an outlet of nearly the some 
dimensions. But in practice a serious difficulty is encountered here. 
make an openiug out from the top of the room, either by low- 
ering the top Bush of a window or by carrying up a duct through the 
roof, instead of the fou] air escaping through them, a flood of coldair 
rushes in from without. Tubes or ventiducts, connecting the room 
with the top of the house, may be made to act exhaustively, and drain 
ttie apartnieut of its polluted air, lehen the *einil iUnei, by Bumonnt- 
ing it with Euebson's Ejector (Fig. 85), and as the lur is almost co&^ 
ilantly in more or less rapid motion, tliis arrangement bocomea 
Krviceable. 

I inU Um CUhicj— Amtt'i VilTCf— But the fores 
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ilmogkt In the chimney is nftor oJl to be the. main reliance in ooavej- 
log ivray (bnl air. Its aeevesaij action ia that of a drawing or suok- 
bg pump, wliioh eihauBte ibe room of large quantities of air. As the 
velooit; of smoke in a chimney with a good fire is estiii)nl«d to be 
from 8 to 4 feet per seoond, Ite cihanativo power is amply snfficient 
to make It eerve the secondary purpose of s rentilating fine. Ueuoe, 
if we make a hole Into llie chimney, by knock- ^^ 

Ing oat two or three bricks near the ceiling, the 
foul gases will msh in, and mingling with the 
ascending cnrrent will escape. Tct these ven- ~ 
tiluting ohimuoy oftenings ore liable to the se- 
rious and even fatal objection, that when from 
Any cause the current in the chimney is inter' 
niptcil, smoke is driven into the room. An 
ordinary register, requlriog personal attendance 
to open and close it, would be of no serrioe. To 
remedy this inconvenience, Dr. Aenott has contrived a self-acting sus- 

sion valve. It is so placed in the aperture, and bo mounted, that acnr 
rent of air passing into the chimney opens it, while a current in the con- 
trary direction closes it. It Is so deUcately suspended that the slight- 
ttt breath of air pn^sses it baCk, while 
■ny regurgitation of the cliimney current r 
Bhuts it, and thus prevents the backward I 
flow of smoke into the room. It is shown I 
in Fig. 86. Owing to the unsteadiness of I 
■ihe cumiDte, the valve is oonstantly vibrat- 1 
fag or trembling, and would be noisy bnt I 
that it is mode to strike against soft | 
biatlier. A modification of this valve 
eonsiats of a sqniire piece of wire ganze set in the opening, irith a cof' 
taia of oUed silk susfendod beliind it. The current into the chimney 
pushes back the pendant flap, while a reversed current drives it against 
the gauze, and thus closes the aperture against the admission of fire- 
ftinies and smoke. These are easily placed in fire-boards used to cioeo 
th*) froiitjj of chiuineys. 

856. InportaiM ff Iraatt's Vslre.— The value of this valve to the 
public cnn hardly be eiaggernled. Hr. Tredoold expressed what 
IQHuy have felt, when he said that all the plans he had seen or read ot 
.^r drawing off the lurfrom the top of a room are objectionable, either 
from being wholly InelBcient or from causing the chimney to smoke. 
This valve first meets the difficulty. It Is cheap, easily inserted, maj 
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be managed with trifling care, and druns the room efiectivelj vt ilt 
gaaeoaa pollulians. In the thonsandn of stiOing, stOTe-beatcd rooms, 
where paler of countunauoe, headache, aud nervoDHaefls, bear painfnl 
witness to the perverted and poieoQcd atate of the air, tlua simple me- 
chanical contrivaara might bring happj relief. It ia macb oaed in 
England, bnt hna not been made BUflic'ientlf known in thia countty. 
Wo bare ioqnired for it in run at raan; eetablishmeats. It is inanu- 
Akctnred b; S. B. Jasiss Ic Co., 17 'White street— ^ce, $3 SO to $6, 
ovoording to size. If the orifice in the chimne; be deemed onsightl;, 
it may he screened from view by placing a picture before it. 

8GT, CUameTComatilBSanHer. — Thoair in the cbimuej'isnsaallr 
somewhat warmer than the external air, even when there ia no fir^ 
and this will occasiou a tdigbt drsngbt, so that if lb«re be an apertore 
in the upper port of the room into the flue, and the fireplace be 
doaed, the vitiated elr al>o\-e will l>e removed. Tbia eibanstdve ac- 
tion of the obimnoy without fire, is aided by winds blowing ocron iu 
top, which exert a slight sautioa influence, or teadcnoy to form a 
vacuum within it. This eflect of the wind will be much increased if 
the cbimacj be mounted with an Rector (354). A slight fire in a fire- 
place, even when not wanted fur warmth, ia often desirable for 
tUation. Lampa have been sometimes introduced into flnea for 
purpose of exciting currents. 

S58. iB Udttioul TMUUUlBg Flic— If an extra flue bo construe 
a^oiniog the chimney, warmed by it and opening into the top of 
room, there will be a draught throngh it, and it may be dcvolud 
clusivelj to ventilation. It would seem that such a secondary fine 
woold not be liable to refluent smoke, and might have connected 
tubes extending to remote rooms, thus cffectnaUy ventilating the 
whole building. But practically suck sliafts do not well succeed. 
Double outlets in the eame apartment rarely work aatiBfactorily. The 
chimney is liable to convert the eitra flno into a feeder of the fire, 
and thus, if it be of the wuue height as the chimney, to suck haek the 
amoke into the room. " Such cases have occurred, and tbe ventilating 
flue has been closed in consequence. This evil con bo remedied by 
providing a free supply of air for both air nnd smoke floes. But the 
wr which enters must bo warmed, or it will not be tolerated, and if it 
is too macb warmed, as eompftred with tbe air of the 
rise immediately to the ceiling and escape throngh the ventilator, 
not mingling with the air of the room, it will greatly jlimic 
lirely preveut any change of air where moat wanted. 

8&d. ¥«UUitlM Vf Bttnmt, T he bedroom, the pboe 
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ipend nearly half of our lives, in its general conilition and manage- 
ment is the op^irobriuiii of rivilixatiau. Nu pkco in the house Bbould 
be more copiondj sappliod willi air to guard ns against tlio injariooa 
agcnciea to which ve are nightly exposed. The materials of whtuh 
beddiug is composed have a stroiig tecdencj to attract muistnre &om 
the ftir and become damp. Not onlj are the teitile fibrea highly hy- 
groscopic, or absorbent of atmospheric moistnre, hnt the coldness of 
rooma in which beds are usually pliiced, favors the deposit of moisture 
when the air is charged with it. They are also satarated with bodilj- 
perepimtion. Beds shonid, therefore, be often and thoronghly aired. 
Their tnjurions effects when damp ore mach more dangeroiia tbnn 
those of wet clothes. As the body ia at rest while we sleep, there is 
o exercise to warm the surface and throw off the ill effect, u con be 
[ done with damp dothea. Uoreover, as the vital activity is depresseil 
dnring the state of slnmher, the system is more open to the malign in- 
nee of cold or other cnuses. Many and &lal diseasee, inllamma- 
I fions, rheumatisms, catarrhs, asthmas, paralysis and oonsnmption, are 
I Induced by a want of precaution in this particnlor. Yet with all these 
lands for cBpaeloua drying air-apaoe, bedrooms are apt to be sc&n- 
f dalonsl; small and low, damp and unwholesome. They do not usually 
I iontttin fireplaces to driuu off the bad dr, and tlie lack of alt ventila- 
L is made worse by the popular dread of draughts, which preventu 
r (he opening of windows. There is urgent neceaaity fur the adoption 

s'.'ine means of relieving them. OjMining the window ^ 

[ »Im)vo and below is very serviceable; lowering the npper 
I, with on opening over the door, and ourrenU in hallsi 
r tlso gives relief. But if the bedroom have no fireplace, it 
llliouldbo connected by tubes with tlie chimney flue, the 
I ^lortuce being ;;uarded by an Arnott's valve. 

3S0. Teatllattng Gi»-binien. — As we before reroarlied, t1 

I eoniuion niisfpinagemont of gits is a forcible Ulastration of [ 

I %be effuct of ignorance or thouglitlcaauess, in often turning A 

I the beat things to the woret account. Gaslight is dieap, 

I brillioutand convenient, the very qualities wo wont; and w 

we turn it on and enjoy the flood of light. But bad air ant 

\ headache sapcrrenc, and then ga»-ligbting is condemned, 

tbough the real faolt is lack of ventilation. The nao of i 

Sgfat greatly heightens the neceoaitj for effective obange* of air ; it 

I generates poison exactly in proportion to its bnlliancy. Dr. Faba- 

I Bi.1 adopted the following aaccessfnl pLui to Tentilat« gas-bnmera 
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^Mi^ CniMK 40<m bda it (fis- «I) <w or tva ibAc^ Hid eoMMtl- 
tigty !■■«>■ I iliiMJIj wMh«lw- BitttlMVMthaa^tobeaii 
■igf»nrfal ^pwiieB l» tha dMdcfcr.ui ba Mt come into h*. 
He deriMd aaotkcr, by wUtk tk* tate ^ijiiK eff ika pradnett « 
aowbaatio*, i WnaJ p filM wia ftawyp^f pip«, b"* *'« >>•*• not 
•ecnb. Then to nyort ibo «f A «3 Bon «l(fwt aid tOMMrfta] 
~ it jM b* tend ia lUi ecmatrx. 

Ml. T^hMAm if Maifc — b wii MM ttwt celkn are foanlains 
I in ^us fioor, doors. 

( Ih* DpftB- ^MTtllKlltS with 

■ K« to be tolerated undu' 
oarbooMs Umt AooU to llMrai^dr wntOated. Fbrhapa tlw b«st 
pUn 19 to eitcad ft Ina &«n tto tiutaaej down into th« cellar, b; 
which Um fire-drangkt abore ■haH coosUntlj dnan it. A tube or 
pawign from tha edlar to Ibe to^ of the boildii^ momiLed vith an- 
q«irtii^ cowl, sDsweis a good porpaae. Somego teabolishing ceUara 
altogether.* 

362. TenUaOaa ilnaM b« pntUcd te k EdOv.— There can be 
little qaestion tbat the whole policy of warming and Teotilatiiig 
dwelliiigs ia jet iu an onMtUed and tranatioa itate, although this 
affords DO apologj for neglecting the soty^ct. Unch b knowo, and a 
great deal maj be done al>oat it to promote health and preserre life. 



Ii entinlr. the eo 
lac la lliclr aliKUi-. mut be iy>iiil>iBneid *ln. Tb* baraa bclse bgJlt (bgrs tlie nift« 
dT tlkA earth. A ■pww U left between ttte Iwer floor and tbe ^nHmd. wbleb b atfii dveer 
uid dvti£F Uian ■ eiJlir, ftDd »Mch beconwH, on a BmalJer aal< ttu H<tm vt tvaioaM 
Ftiuullou i;iid<ir.fli»r cptm thouU be itwlLshed » wall B »llu« ud bHemenl*. 
TbafJu Uutl luTe idapted with tbe moU ntiiluloij nieeeu, to irold ill theteefHi. 
U the faUdnlDff : Let the baoee tn ImUEentlrelj ftbove the fnnuid; let tbe lover float 
be ballt Qpoa tbe Hu-bee of the earth, at leut uUgh u the eamandlDg solL IT flUed 
Dp with »Dj elrAn materiaJ a Jew inehfe aboTe the nrroimdlnif earth. It woold t» belter. 
& proper fanadatloa being i>rcpared, make f oar flnt floor b^ ■ pareidbt of brtck, liJd 
la bf dranlle oainnt, upon the idi&h ot the gnmod. Let tbe aune be eiUitded lata 
jfonr wane, to aa to ent MT Ibe walla of tddt honae with watrr-picof eemenc, from all 
BuiuaunlndDBirilb lb* moUtnreoftheiurroandliift earth, rpoo tMi ftmnditias bnild 
aivnnllnff to roar Iknor. Toor lower floor will be pDrfMUydrr— Impenetnhlo lo ■nolK. 
lire and tOTCfnlfL; not a alh^o u'l'ial can got a lodgment la tout lover aUiTy. By 
■tl'-pIlBg thia plan, your bouse will be dtj and cleanly ; tbe almoipbero oTfoarfnond 
llonr win befreih and pure; jou will be estlrelf relli>ied ft^m that itmdj drain upon 
lire, wbfeh Ib produced by baHmeoti end eelUra,— md If jon approprtale tbe pmmd- 
•oor tn purptia* of Mureiuoioa. kllcbeo. Ac, you will And that Ibe dry aparl 
eeualnicted are laflnlUly eBportnr lo Uia old buemenU and cellara. And I 
jrour iKtlng ud ilMpinK ruoisa on the aeoiDd and lliird floon, yna wilt be aa 
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Provision shonlil be made for Teutilation in ib« first cunatrnction of 
dwelliiigH, as it may tlion be effectually and cheaply sccompUsbod. 
The introdnctioD of adequate arrangemeats, after the tinildiog i!< 
fiDiilied, ia coetly and difficult. The necessity ia absolute for Including 
Tontilating provisions in hoosu as well ae those for beat. ArchiteuU 
and Bnildere Bbould malie them a primary and eseeDtiol element of 
their stractural airangemeDts, and design in accordance with the prin- 
ciples of venUJation as an estublished art. It is to be regretted that 
too many in those profea^ions to which a oareless pnblio oommils its 
iuCcresU in this pailicalar, are profonndly nnconscions of the jost 
claims of tbo anhjeoL, and totally Dnqnalified to deal with it property. 
This ia Lardly a nutCtor of surprise when we recoUoot how recent it is 
that science has thrown its light n]>on the physiological relations of 
. ia alaoet within the memory of men still liriug that oxygen 
gas was first ditcmered, and it is within twenty years that LianEO an- 
nounced tbo last constant ingredient of the Btraospbore (280). Archi- 
tecture on the ooDtrary rose to tbo dignity of a regular art Iboiuanda 
of years ago, when men had little more intelligent nnderstanding of 
the real import of the breathing process than the inferior animals. 
Ve have therefore little caose for amazement when a book appears 
upon the sabject of Archit«ctnre, of more than a thoUBand pages, and 
idjspalches the whole mnlter of ventilation in too lines — and that, too, 
with a sneer. Our buildinga are hence commonly erected with less 

I reference to hcolthflil comfort than outside show, and ventilation is 
too ranch looked upon as a mere matter of tin tubes and knocking 
t bricks, that may bo attended to at any time when it may be 

[ thuoght uecossary. 

1. TtaUUllM IdtoItm bhmhtt Ism of HHb — The real practical 

' difficulty in veiitilation w Iti cost. Although the almosphero is every 
Olio's property, and is tho eheupest of all things, yet a supply of pnro 
D dwellings is by no means IVeo of expense. To cuenru ventilation 

f ' Vu roust have motion of air, and to prodnce motion demande force, 
which is a marketable commodity. Whatever will produce available 
« hna value iu it. Whether it be fans and pumps driven by steam- 
engines, or npword currents set in motion by naked fire, in both coses 
tlioro ia expenditure of fuel. It is true we may use the fire that must 
be kindled to prodooc warmth, and thns secnre the additional result 
of Tentilation, apparently without additional cost. But in tooet cases 
r is also warm nir, and in escaping oonveys away its heat, which 
Ib thus lost. Contrivances have been proposed, by which the oatfiow- 

I hg warm t&i may be made to impart its b«at to the incoming cold 
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air, bnt thej are not jet rediioiBd to pnotfoe* Until tiuitiidfln%bMl 
most oontinne to be lost by YUntilittiim, jmt in proportion to ill mxtmL 
Henoe, as was before remai^ked, ventilation mi^ be rilaiiieti with ibod 
and apparel, and it becomea a qnestian of how xnnoh can be aflbrded. 
Bat there is this important difGwenoOi thaA while eooBuomj in ths 
latter — a plain table and coarae dothing— «re at least eqnaUj fiKnxrabIa 
to health with more ezpensiYe atjlea of eating and drening^ eoonomy 
of yentilation on the contrary, that is, any chei^ning or deterioration 
of the Tital medimn of breathing^ is ii\inriotisi to health. One of the 
worst evils of scarce and expensiTe fdel is, that the poorer clansoa Mk 
compelled to keep their rocma aa tig^t as possibl^ to prerent thf 
escape of wann air and the consequent waste of heat 
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L— SOOBCE OP AUMENTS— ORDER OF THE SmWECrr. 

864. Vhw af the arlgia af Vtnit. — Tbo ground thus far truversfld liaa 
ftarnished alinodaat illmtration of ttie do30 alliance betwoon man nnd 
tbe material DuiTerso, andof hiamilijeotion topliyEicaliufluonoeBi but 
wo are now U> see lliaC be is compoMd of exactly the same materiub 
u the Bulid globe opon which he dwolla. Rocka, corroded bj the 
■geocles of time and crombled into soils, join with tbo othereal ele- 
muDts of the atmosphere, to fornish the SDhstancos of whicit the 
living bod; la composed. Bnt rocks, soils, and air are not food. Tboy . 
■re UDorgauiied, lifeless matter; and can oeither nonrish the body, 
Bor bare they the power of muting themselves togetlier into nalritive 
ponipoQuda. The forces which play npon terrestrial atoms, throwing 
them into movement, arranging them into vital groaps, and endowing 
fheui with the capability of becoming porta of unininl systems, are 
■hot down from the heavens. The iinpulsoit of organiiation and 
growth are not tuherent powers of oar earth, residing in au: and anil. 
In the plan of the oniverBe the 8ux, a star among the stellar nysterns, 
'a ihe architect of living forms, the boiider of terreatrial oixaDixatioo, 
the grand fonntain of vitahty. His rays are streams of force, wliich, 
after travelling a hundred millions of miles through the atnplitndee 
of space, take eflbct npon the chemical atoms of the earth's snrfooe— 
its gases, waters, minerals, and combine them into ontriUve, life-sus- 
'Uining compomida. The vegetable world ia the laboratory whur« 
thi>< subtle chemistry is carried forward, and matter takes on the 
pfopertics of erganizatioa. Sach is the ultimate source of all our 
Ibod. The solid materials which we perpetually incorporate into the 
Dodily fabric^ originated in plants, onder Qm direct ageuoj of lite •mo 
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beam. The vegetable leaf U the cracible of Titalitj, the consecrated 
mechanism appointed to receive the life-forees which God is per- 
petaallj pouring ttiroDgh his aniveree. In partaking of the bounties 
of the table, are va not, then, coDSDnunatJcg a purpose to which 
planetary sjatoms aro sulwervientt We repair the failing t«xtnre« of 
animal life, bnt it is with tissues woven in a loom of invisible aira bj 
the flyiug ahuttlea of hght. That a single groin of wheat may be 
ripened— that ita oonstitnent starch, glntcn and BOgar may b« pei^ 
fected, this ponderous orb most slioot along the ecliptio at the rate 
of 68,000 miles per hour, from Tauros to Libra, whirhng perpetually 
upon its BiiB as it flies, that all parts may receive alike the vitalixing 
radiations. When therefore we contemplate the grandeur of the 
operations by which the Creator accoroplishea the problem of life in 
tliia state of being, the suly'ect of foods rises to a transcendent int«resL 
The oonaidoration of tlieso qneslions, however, the forces that control 
vegetable growth and give rise to organic compounds, pertAiDS to 
chemistry and vegetable physiology ; neither our plan nor our apace 
will allow us to consider them here. Wo direct attention fir^ to the 
general properties of foods, as we find them already prodoced and 
presented for preparation atid nse. 

sec. Bow FMdg MMj be MBSlderc4.— A systematic presentation of 
the Butjject of abments, that liball be qnite free from scientific ol^ec- 
tlon, appears in the present state of knowledge to be impossible. We 
shall adopt an arrangement which aims only to be simple and popnlar. 
All articles of diet ore composed of certain subetancea, which are 
iiaowa M alimentary prineiplet^—nmple aliment*, koA proximal* prUii- 
eiplef. Those are not the ultimate elements, carbon, oxygen, hydro- 
den, nitrogen, sulphnr, Jic, but are formed by combinations of these. 
They difler from each other in properties, exist in very different 
proportions in various kinds of food, and are capable of bdng aepft- 
rated from each other and exautioed iodependently. These require to 
be first considered. Nest in order we shall speak of the prodncta 
which these simple principles form when nnitod together. Thus 
starch, sugar, glnton, &c., are timpU alimenti ; while grain, roots, 
meats, &o., are mode up of them, and are therefore called confound 
aUmenit. We shall give the compoation of these, and as much of 
their history and preparation as may be necessary to understand their 
properties, and then trace the changes which they undergo in culinary 
management. The principles involved in various modes of preserving 
llimeotary subetancea will next be described, and the subject closed 
by an examination of their physiological effects and nntritive powers 
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866. MtUoi »r lUBtiUrr Priidplta. — The eimple alimentaiy prin- 
dples are soparated into two importaQt divisiotis, baacil on Ibcir com- 
position ; _firit, the lum-nitTOf/enotu aliments, or tlxise oost^mng no 
.DitrogeD in tlielr oofflposition ; and teeond^ the niCrcgenout olimenU, 
or those vliiob do contiun liiis eleueat. The first gronp consists of 
Btarcli, sugar, gam, oil, and vegetable acids; while the second com- 
prise albumen, fibrin, gluten, casein. Of these two classes the first 
is simpler in composition and mnoh more abandnnl in nature than the 
other class; we shall hence consider tbem fir^ Tliere ia, however, 
■nother aJimeotarj sabatance of peculiar properties, and of the first 
importonoo — leafer, wkicb cannot be rnnked strictly with either group. 
It is not a product of vegetable growth, but is rather a kind of nuivor- 
h1 mediom or instrnment of all sorts of orgaoio changes. As the 
tt abundant and iudi»[«nsab!e of all the principles of diet, it claims 
' Onr first attention. 

II.— OENEBAL PBOPERTIBS OF ALIMENTARY SnUSTANCES. 

1. PBraOIPLH COSTAISINO NO NirSOOES. 

SS?. Salient Piwtn if Water. — One of the most Important propor- 
r water is its wonderful [HDwer of dissolving many solids; tiiat 
[ fa, when plocod within it they lose their solid form, disappear, and be- 
eouo diffused tbrongh tlio liquid.- Such a combination is eaUcd mln- 
. It is the resolt of a mutual attraction l«tween tbe li'quid and 
solid, and it becomes weaker between the two subslatices as this 
^ sttmctiou is satisfied. The action of water upon soluble sobstances is 
7 powerful at first, but as solution proceeds the action gradually do- 
aaee. until the water will dissolve no more; it b then sold to bo 
r taturaUd. Water eataral«d with one snbetance, ma; lose a portion ol 
[ Its power to dlsHulve others, or its solvent energy may sometimes be 
Increased ; this depends upon the compound which It contains in solu- 
tion. With some anbstances it combines in all proportions, and'never 
'- gets saturated. Water does not dissolve aUsnbstonces ; if a fragment 
ttf glass and & piece of salt be put into it, tbe glass will be uncbsnged, 
while the salt will vanish and become liquid. Nor does it dissolva 
tliiv all that it aets npon; a pound of cold water will dissolve two 
poiinds of sugar, while it will take up not over six ounces of common 
■■It, two and a half of alum, and not more than eight grains of lime. 
it influences the solvent powers of water, most generally increasiiig 
kU; tbva, bailing water will dissolve IT times as much saltpetre as iw 
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water. This it seeEne to do by repelling the particloi of Qxe solid bod; 
from eaob other, thns asBiating the water to insinnato itiielf among 
them, b; vhicli its action is helpicd. Bnt there are exceptions to th« 
rule, of which linie ie an csainplo ; Gistj-eii galloDB of water at 83* 
dissolvea one lb. of lirac, bnt it takes 76 gallons at C0°, or 128 at 212% 
to prodaoe the same effect, so that ic&-coId water dissolves twice as 
much lima aa boiling water, 

808. Hvw tait la bum SalnliM. — Solids ehonld be cruEhed of 
pulverized, to expose the largest snrface to the action of the solvent 
Bqnid. Snbstonvea which in the lamp would remain for days nndis- 
aolved, when redacod to j^wder are liqueSed in a short time. Wlien 
a Bolid, as conunon salt or alnm, is placed in a vessel of water to die- 
sotre, it rests at the bottom. The water snrronnding it beoomes Bat- 
orated, and being benvier, rcmiuns also at tlie bottom, so that the eoln- 
tion proceeds ver; slowly. 6; stirring, the action is hastened, but this 
takes op mucli time. The best plan is to eospend the salt in a colan- 
der, basket^ or coarse bog, at the surface of the tiqnid. As the parti- 
cles of water take up tlie particles of salt, thoy become heavier and 
sink; other particles take their places, dissolve more of the salt, and 
unk in tnm, so that the action of a constant cnrrent of liquid is kept 
up on the suspended crystals, and always at that portion most capable 
of dissolving them. 

869. MaUon tf Gasm— Sada-wUcr. — Water also disaolvM or absorbs 
Tnrious gases, some more end some less. It may take 780 times its 
btdk of ammonia, an eqoal balk of carbonic acid, or ^ its bulk of 
oxygen. The quantity is, however, controlled by heat and pressure; 
best acts to eipel the gases, so tliat as the temperature rises, tlie water 
will hold less Bud less, while with increased pressure, on the contrary, 
it will receive an increased nmotint. Soda-water is tlinsby prepare 
overobarged with carbonic acid gas, whicli escapes with violent efier- 
vescenoe when the pressure is withdrawn. Tlie effect is the aame^ 
whether the gas is forced into the water from without, or generated in 
a tiglif bottle or other vessel, as ia the case with fermented liqaor^ 
The gas gradually produced is dissolved by tlie water, which, escaping 
when the eork is idtlidrawn or the vessel oncloscd, produces the foam- 
tiig and briskness of the liiiuor. 

870. DlKml TirleUea af WaKr— In natnre water comes in contact 
with a great number of substances wliicit it dissolves, so that there is 
emuequently no perfectly pure, natural water. The snbstancee which 

t takes up are numerous, and differ under various circumstances and 
toDditioOB, and as these foreign eabstancos or impurities which the 
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11 tlio liquid, it resnlt« 
r, tu for eiiunple, spring- 



WBlor acquires, oommunicate tjieir properties 
that there are man}' varieties of natural w 
water, river-water, sea-water, rain-water, &u. 

STl. Baln-waler ud Saaw-witer. — Rain-water ia the least contAini- 
nated of all natnral waters, jet it is bj no means perfectly pnre. As 
it falls throngh the. air, it absorbs oxygen, nitrogen, carbonic ooid 
and ammonia, with which it comes in contact, and it al«o washes ont 
of thj} stmoaphere whatever impurities it may happen to contiuii. 
That, in tJie vicinity of the ocean, the air contsins a trace of common 
salt; in the neighborhood of cities, various saline, organic, and gaseous 
impmities, while dmt is raised from thegroond and scattered throngh 
it by winds, and these are all rinsed out of the air b; rains. The 
water which falls Srst after a period of drongbt, when coaCaminations 
have occnmulated in the air for some time, 19 most impure. Rain fall- 
ing in tfio oonntry, away from honsaa, and at the close of protracted 
storms, is the purest water that natnre provides. It differa from dis- 
Ullud water only in being airaUd, that i.i, charged witli the natond 
gases of the air. Falling near houses, it collecta the staotj exhala- 
tions, and flowing over tho roofs it carries down the deposited soot, 
dust, Ac. Water from melted snow is purer than rwn-water, as it de- 
scends through the air in a solid form, incapable of abeor!>ing atmoe- 
phoric gases. When melted, the water which it produces is iudpid 
from thuir absence, and should bo exposed for a dof or two to the at- 
auwpliere, that it may absorb them. 

872. He Ghm MBtalaed U Water. There is an atmosphere diSlued 

1 liirongb aQ natnrot waters. It is richer in oxygen than is tlie upper 

I Rfanosphere; in the latter there is but 23 percent., while in tho air of 

1 Vater tliere is 83 per cent. The animals which dwell in water aluorb 

I Ihia oxygen by breathing, just as land animals do from the ur, while 

I Ireter-planle in the eamo manner live on the carbonic acid it containe. 

I ^ese absorbed gases also influence its taste, giving it a brisk and 

I ■greeatilo flavor. If it is boiled they are driven off, and the liquid l>e- 

'S flat and mawkish. The presence of aa mnoh oxygen as water 

L will hold, improvee it as a berernga, as this gas is neceesary to the ac- 

I ttve performance of several of the most important vital fnncUone. 

I Water that is quite cold contains more oiygen than that which has 

wn mode warm in any way, as by exposure to the sun or the warmlli 

r a close room, which causes a portion of it \a escape. 

3TS. Otguli CaBUwliitlwH ef Water. — From the dust and insecta 

» flf the ur, the wash of Ilie ground and llie drainage of residence^ 

1 and decayed leaves, the 
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nmls, and a variety of other causes, watere ore liable to oontft Jt- 
ganie impuritiet, or those vestiges of living etruotores whid tra 
capable of decompositton and pntrefaotive qtionge. The eff«at of tbb 
organic matter maj be shown by tatdng a little of the sediment that 
IiOB acODmiilat«d at tbe bottom of u cistcn), and placing it in a bc'ttte 
of perfectly pare distilled water, when in a short time, if tbe weathei 
be want), it will begin to smell ofibnsivelj'. This kind of coutamina- 
tioa maj be either snBpundei] mechonicallj in water as solid particles, 
or it may be dissolved in it so that tbe water aball still have an appiar- 
anee of parity. 

374. Tbe Uiiog UkabltMis vf Water. — Under certain favor»Me con- 
ditions of ivormth, access of air, lighL, &c., countlessQumberaof liviog 
beings, both planU and aiiiratUs, malio their uppeonuice in waier. 
They are nonrished upon the dead organic matter which the water 
may bappou to contain, and belong either to the animal kingdom oa 
animakula or infiuoria, or ore of a vegetable notarc, as ftiiufi. 
There are other condi^ons whicli inflaenoe the kind of life which ap- 
pears in wal«r. If tbe liquid be slightly alkaline, onimalcula will be 
produced, while if it be a little acid, Aingi or microscopic plants will 
appear. This may be shown by diffusing alittie white of egg tbrongh 
water in a wine glas^ and keeping it in a wann place. If it be made 
in a small degree a/italiTM, it will swarm with animalcula in a few days; 
i^ on tbe contrary, it be slightly acid, vegetable forms will l>e princi- 
pally originated. It is important to notice also that the alkaline eolation 
will ran rapidly into putrefaction, and yield a putrescent smell, while 
the aeid floid will scarcely alter at all, and emit no tinplensant odor. 
It is hence obvious that these two Icinds of water have different rela- 
tjous to limnan health, the slightly acid being more, favorable to it 
than alkaline waters. These living inhabitantB are never fonnd in 
freshly fallen rain-water, caught at a distance from houses, nor in 
spring or well-water, bat Uiey more or less abound in ci^rn watw, 
reservoir water, and morab, pond, and river waters. 

3T5. Cm of llTbig belDss la lapore Water.— Tbe presenoe of living 
tribes in impure water, fulfils a wise and beneficent porpose. If th« 
large amount of orgauio matter present in many waters conld be re- 
moved only by the common process of putrefaction, and tlie forma- 
tion of iujorions componnds and offensive gases, immense mischief 
■woold be the consequence. To obviate this, natore has ordained that 
some of the organic matter of impure water, in place of undergoing 
decomposition, shall be imbibed by living beings, and these dying that 
olbers shall take their place and folfii the same important offioa, Tht 
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^■litriiig racei tUos eierl a prcMrvatire iufluence npon wat«r, altLtingh 
^■dUs is more e8[>«i>ia]ly true of aqnatio vegetation. 
^k ^QTB, Watu dlsMlTM tariiUc quntUlM af HlRcral HUter.— Bain 
^BWliic'i IuUb upon bigh gruaud filters through the porona soil audatrota 
^^©f the earth until Biopppdby impenetrable tiny or rock; it thenpaasea 
along Uio surface of tbe bed until it finds tubopeniDg or creviee, 
lliroiigb wliich it ia forced up totho surSaoe of the groimd, prodncing 
fi Bjiring. Water which has thus leached tbrongh the mineral male- 
rials ur the earth, dissolves gnch portions of its solnble materials as it 
meets with, and oaniea tboni down to the lower levels, so that tbejr 
ultimately collect in the sea. Tbe-amonnt of mineral matter thus dis- 
solved is extremely various. The water of tbe river Loka, in North- 
em Sweden, which flows over impcrviona, insoluble granite, contains 
<*"'? ^ ^ ^ grain of mineral matter in a gallon weighing 70,000 
gruina. Commoo well-walera, spring-water and river-water, contain 
ttoai 6 to CO grains in a gallon, bat generally, in wat«ra of average 
purity, which are employed for domeetio purposes, there are not pres- 
ent more than 20 or 30 griuDa of mineral matter to the gallon. When 
Uie dissolved substances aecumolate until they can be tasted, amtnwa! 
teaUr resulia. Tbe celebrated Congres water, at Saratoga, contains 
OH grains to tbe gallon. Ocean water haa as much as 2, GOO grains of 
saline substances, and the water of tlie Dead Sea tbe enormous quan- 
tity of 20,000 grains in the gallon. Of the two natural waters — those 
of the river Loka and the Dead Sea — the latter contains 400,000 timua 
more soliao matter than tbe former. 

8T7. Klidi af niBerd Matter dbsttved br Water— Tbe minerul snb- 
stances dissolved in spring and well waters, are chicHy iron, soda, 
magnesia and lime, combined with carbonic and sulphuric acids, and 
fonuiug lalts, which are compotinda of acids with alkalies or bases; 
sulphates and carbonates, together with chloride of sodtnm or common 
salt. Iron, mixed with carbonic and sulpburio adds, ia pr^ent iu 
most waters which percolate through the gronnd; soda and magneda 
oIbo oAen exist in these waters, bnt tboir most nnlversal and important 
ingredient in lime. This erists in altuost oil soils in combination with 
carbonic acid as carbonate of lime, or powdered limestone, .and it is 
also very common In the shape of sulphate of Ume, or plaster. Uost 
of these substances are soluble in pure water, bat this is not the case 
I with the widely difTased cvlwDate of lime. The power of dissolving 
this substance depends upon the presence of free carbonic ncid con- 
tuned within in the water. If charged with this gas, wat«r bocunMS 
I > wlvent of limeatone. 
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ST8. Bird ind Soft Wilcr. — Tho prenace in water of these £»■ 
solved mineral Enbatoncea, tboagh in eitroniely Bmall proportion, pro- 
dacea important obaoges in its properties. Oompomids of lime and 
magDesia giro it hardneu, while rain aud snow-water, and that from 
80II10 springs which are free from these mineral matters, are called 
iq/t. This diatinctiaa of waters into Lard and aotl is UHually connecied 
with ita oleansing qnalities aud its behavior towards Boap, which wo 
ahnll conaider in another plnco. It ia also important dietetically (633), 

370. Water In contact wltb Lead.— There has been mncb coiitradic- 
^on among scientifio men in regard to the effects of storing water in 
leaden veaBels, or transmitting it throngh leaden pipes. It was known 
that some kinds of water wonid corrode or dissolve the lead and Im- 
oome poisonous ; hut ahat waters t Dr. Cnsisitsos said those which 
were toji, while hard waters would form a crost in the interior sur&oe 
of the lead, and thns protect it from oorrosioa. But later experi- 
menters deelaro hard waters to bo even worse than soft iu tlieir action 
npon lead. It mnf be remarked tliat water can act upon lead, cor- 
roding it without becoming itaolf actively poisonous, if the compound 
formed be imolvile; it is onlj when the lead is diuohtd that the 
water containing it becomes dangerous. "When ordinary water is 
placed in contact with lead, t'le free oxygen it contains combines with 
the metal, forming oxide of lend ; water immediately unites with that 
produoing hydrated oxide of lead, which is nearly insolnble in water. 
There is also more or less carbonic acid existing in all natural waters; 
this combines with tho oxide of lead, forming earbonate of lead, 
which is also highly insoluble. But if there be in the water muck 
carbonic acid, a l)iearbi>naU at lead ia formed, which is very soloble, 
and therefore remains dissolved in the water. Hence waters which 
abound in free carbonic acid, as aiso those which contain bicarbonate 
of lime, magnesia, and potash, are most liable to hcoomo poisoned h; 
lead. Water contiuuing common salt acts upon this metal, forming ■ 
eolublo, poisonons chloride of lead. On the other hand, water con- 
taining sulphates and phosphates is but little injured, these salts exert- 
ing a protective inflneaoe on the lead. '' From a review tlierefore of 
the whole of the arguments and experiments now advanced, respeot- 
ing the action of different waters on lead, we deduce the following 
general concloaions : That while very soft water cannot be stored for 
a lengthened period, with impunity, in leaden vessels, the danger of 
the storage of hard water under the same circumstances is in most 
cases much greater. This danger, however, ia to ho estimated neither 
hy the qnalltiea of hordneas or softness, but altogether depeoda a 
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tbe chemical oonfltitDCion of ench different Idod of water; tbns, it this 
bo ever to soft, and iMnitiuQ free carbonic acid, its action on lead will 
be great ; wbercas if it bo bard frou tbe prewoce nf Bulpbates and 
phospbatM pnncipally, and contaia but few bicorbonatea, Sea., little 
or no Bolation of tbe load will roatdt." — Dr. IIa^sall. Water is 
powerfully corrosive of iron wbon convoked tbfougb tbia metal in 
pil^es, bat the componnds formed are not iiyurioos. Qahanited iron 
pil>eB, wbich bave received a coating of tin (GIO), arc coming maob 
into use instead of lead for tbe cocTejance of wa£er. 

860. Sippl; •! Soft Water. — Wel1» and springs are oft«n inacfisaibie, 
or Uio water tnrnisbed is bad. In ancb cases tbe beavens Aimiib an 
unfailing rounrce, wbich, with well-constraoted cisterns, filters, and 
ice, leave little to bo desired in tbe woj of aqueons Inxnrj. Taking 
the nnnnal rainfitll at 86 incbea, we have 3 oabic foet of water falling 
upon a iqnare foot of surface in a year. A cnbic foot contains t\ 
gallons, so that we get 18j gallons npon each anrfaoo foot annnallf. 
A bonxe 2G bj 40 has a thooaand feet of Harface, and collects nearly 
19,000 gallons of water anDnally, wbich if stored in cisterns of anf- 
flcient capacity, will fnrniab more than BO gallons per day tlironghoat 
tbe year. 

B<— Tbe Slarcbe*. 
Whnce obtalntid, and bew sFporatcd. — Sturcb, when pore, is 
aeoQ to bo a fine snow-wbite gb«tening powder. It ia foond univer 
aallydistribuiedintbevege- ^^ ^ 

table kingdom in moch 
greater quantity than any 
other BQbetance funned by 
planta for food. It exists 
in grdn, peas and beans; in 
all kinds of seeds ; in roola, 
as potatoes and carrota, and 
in tbe stem, pitli, bnrlc, and 
fruit «f many plants. When 
nbout dour ia mi:^ np into 
a duugb, and walhed (Fig. 
8^), on a linen cloth with 
clean water, a milky Ijqnid 
passes ibrongb oonlaining 
wheat stjurcb, which grad- 
.^3 Mttle? to (be botlom of tbo Teasel If raw potatow ara 




Bej>tnt^ii3 Hlaroti from timr by wvbln^ 
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lir mmniwr, potato itardi ii 



^ratfA, and the pulp treated 
Mparaled. 



«&— The^twiable proportioi 



etarcb in diSerent uticlw of food is u foUoirs, in decreasng order: 
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S63. Slmk Cralu — thdr dBi — Starcti consists of exceedin^y small 
foanded grains. Thej cannot be di^tinctlj eeen wiih the naked 
e;e, nnd aro so extremely mlnate that the finest wheat floor, which 
has be«n groiiDd to an impalpable dust, contains it« starch graiut 
mostlj onbroken and perfect Tlie grannies of potato Btarch are 
largest, while thoso of wheat and rice are mach smaller (Ilg. 89), tad 
those of tnmipa and parsnips still smaller, Tarying all the w^> from 

0flL PRS, r^'.** 

SliKh-gMlna of potstosi, Btueli-gnliia of pUatitiL etutb-gnlu of lio, 

the l-300th to l-I0,O00Ih of an incli in diameter. Assomtng the 
grains of wheat starch to bo I-lOOOth of an inoh in diameter, a thoa- 
sand million of them woold be contoined iu a cnbio i»ch of space. 

884. Their Appettranec and StractiM. — Viewed nnder a high mag- 
nifler, starch grains from various sonrces eihibit marked pecnliarities 
in form as well as in size. Several kinds hare a ringed or grooved 
aspect, as seen iu Fig, 89, which appearance is explained by the fact 
that the^ oonsiBt of oonoentrio kyers or membranes, like the oooU 
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of &□ onion. The grains of potato etftroli are 
Many of the grainR of jiea stitrch ore hollowed oi 
tion of their length, while wheat starch cons 
lenR-sbap^ grains, sticking together wheo i 






void or egg- shaped, 
oncave in the diroo- 
a of doll, flattened, 
. perfectly dry, on 
it the wheat starch of oominerce always comes in Ioom 
lumpa. Thus each variety of etarch-grain has some peculiar appear- 
ance of its own, bj which the practical mioroacopiat is enahled to 
identity it. He can bcnoe detect ad alterations of the more valuable 
with the cheaper varietiM, as wheatea floor or uiaranta arrow-root 
with potato starch. 

«85. Sag* Starch is procored from the pith of several v 
tlio palm tree. It comes in varions forma. Bago meal o 
whitish powder. Pearl-»ago, the kind in general oae for domeatio 
purposes, consists of small pinkish or yellowish grains, about the aze 
of a pin's head. Oomman or brown sago oonaiats of much largoi 
graius, which are of a brownish white color, eocli grain being brownish 
on one aide and wliitish on the other. As all the kinds of sago contain 
coloring matters, they ore considered inferior to tlioee varieties of 
slATch, B8 arrow-root and tapioca, which are perfectly white, 

386. TaplMa is a variety of starch which comes from South Ameri- 
ca, and is obtained from the root of a plant containing a poisonous 
milky juice. When it appears as a white powder, it is called Brazil- 
ian arrowroot. The term tapioea ia commonly applied to that form 
of it which appears in small irregular Inmps, caused by its having 
been dried on hot plates, and then broken np into fragments. 

387. IrroiF-rHi. — A root growing in the West Indies (the ifnranio 
arundinafttt), contained a juice aupposed to be capable of counter- 
acting the effects of wounds inflicted by poisonous arrows. This root 
yielded a starch which took the name of maranUt arrow-root. But 
afterward starches from otlier plants which had a resemblanoe to 
hioranta ataruh, took also the name of arrow-roots. Thus tliere is 
Tahiti nrrow-root, ManVtot arrow-root, from the plant which jiulds 
tapioca, and potato arrow-root, or British arrow-root, as it is some- 
times called. Maranta arrow-root, which ia a very pure while sbircihy 
powder, is the most prized of all the varieties, but it is often adulter- 
ated with other and cheaper kinds, 

388. Cm Stanh. — This is a preparation of the starch of Indian 
corn, which has been separated as perfectly as posuble from the otlier 
constitnentB of the grain. Chemical means are used to effect the 
separation. The starch b freed from the glutinous, oily and ligneous 
dements of the seed, by the aid of alkpUne aolptions, and bjr J^indjiv 
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and bolting Uie com in & wet condition. The gnia is reported to 
peld from 80 to S5 per ceat. of pnre slArcb, wliic^h bears a genen] 
price, aboat one-third grentor thaii wbeAten flour. The cnlinuy 
cbaugos of starch and Its effects npoQ the system will he comddered 
under these topics (510). 

889. Cbenlcal Cmnptiltioi. — Starch coodsts of three elements,— 
carbon or charcoal, oxjgeo, and hydrogen. The two latter are found 
in starch in exactly the same proportions that they exist in water, bo 
that the composition of this substance may be given a« simply char- 
coal and wal«r. A compound atom of starch conalst^ of twelve &I 
of carbon, combined with ten of oxygen and ten of hydrogt 
twelve atoms of carbon to ten of water. 



'e atoo^^^ 



SSO. Proy«rtl<M tai Tarinu Sibttastes. — This is the sweet principle 
of food, and is produced by both plants and animals. It vxiata in 
milk, and it has lately been shown that it h generated in the animal 
liver, Bot onr sopplies come entirely ffom the vegetable world, 
where It is produced in great abnndance, botli in the sap and Jnicte 
of plants B"^ stored np in their frails and seeds. The following is 
the proportion of sngar obtainable from varions sources I 
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There are aeverol Tsrieties of sngAr, bnt tfe are praotioany otmoenied 
with bnt two, cane sngar and grape sngar. 

803. Crape Sngar « FTolt Sigur. — The whit* sweet grain* of rfuaua 
or dried grapes take tlio name of gropt tvgar. Uoet other fmin, 
however, as apples, pears, plums, figs, cherries, peaohea, gooseberries, 
currants, &c., grow sweet in ripening, which is owing to the same 
kind of sngar whioh exists in the grape. It may be readily extracted 
from fruits, but tills b rarely done. 

SOS. Sagar irtUUlall! Produtd.— If starch ha boiled for some l^e 
in water whicli has been noored by adding to it one or two per cent, 
of eolphurio acid, the eolation gradually acquiree a sweet toata, £( 
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row, by raiWible monns, Uie iicid be neatraliied and removed, and lie 
■olution boiled down, it jieldB a rich sirup or a solid sngar. This 
coraoa from the tniDsfcirmation of atarch ; the ncid taking no direct 
part in the ciiange, but only inducing it by its presence. Potatoes 
treated in this way, it ts aaid, will produce ton per cent, of Uieir weight 
of sugar. But what is still more singular, the fibre of wood msy also 
bo converted into engar. Paper, raw cotton, flsx, linen and cotton 
mga, and even sawdust, may be changed to sngnr by the Biune ngency. 
The boiling with acid muHt, however, in this case, he continued longer, 
ns the woody matter baa first to be changed to starch before it be- 
comes sugar. This product, known as tlareh tvgar., bas the soroe 
nntnre and properties as grape sngar. 

S93. Boiey. — This is obtained by bees from the juices found in the 
nectaries, or hooey-oups of flowers. Tbey collect it in the crop, or 
lioney-bag, which is an eulargemont of the gnllet, and when filled is 
about the size of a pea. Laden with its swoet treasure, the insect 
returiiB to the hive and disgorges it into a previonsty prepared cell of 
the honeycomb, which it then caps over by a thin covering of was. 
To procure it in the purest liqnid form, and of the best flavor, the 
plan is to unseal Uie cells by reno^'ing a slice from the surface of the 
%omb, after which it is laid upon a cullender to drain. It is somo- 
timos warmed, to facilitate the Sowing, hat this is said to injure the 
delicacy of its flavor. It ia more commonly pressed. This Increases 
the quantity, and eaves time; but it is then contaminated by traoea 
of wax, and fooled by the juices of crashed bee-ma^ots, which may 
happen to he in the comb. 

894. Pripertlw ud CeapoddoB.— Honey, in diflferent localities, differ- 
ent seasons, and from different flowers, varies very uinch in color, flavor, 
Ujd fragrance. That from elover, orfrom highly fragrant flowers, is far 
anpcrlnr to that from buckwheat; spring-made honey is better Iban 
that produced in antamn. Virgin honey, or that made from beca 
ttial never iwarmod, is Qner than that yielded by older swarms; and 
while some re^ons are renowned for the exquisite and nnrivalled 
flavor of Uicir honcy^ that made in some other places is actually 
{Hjisouoiis. We can hardly suppose honey to be a simple vegetable 
Iiqaid. It probably nndei^ocs some change in the body of the insect 
by the action of the Juices of the month and crop, as when bees ore 
fed npon ooromon sugar alone they prodnoe hooey. Honey is on in- 
tensely aweet sirup, varying in color fVom nearly white to a yullowtsb 
brown. It consists of two sorts of sugar. One of Ih«e remains always 

ti a liquid or sirupj condition, and the other ia luiblo to oryBtntllic or 
- 
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change to solid grains (^anvlatt), tliis is grape Bngar. The ligbteM 
□olored and must valuable tioDejs coDtain the most of it, tuid heoM 
ate moat lioblo tu graoulate and gron thick. Honej conlwns uq 
acid, nod nromatio principles, which together with its uncrysioUizaUe 
sweet part, are not very well understood. 

206. Coe Ssgu— ttt BMrtM. — Our comnioD sngar ia obtained, as is 
well known, from the sagnr-ciute. Eleven- twelfths of all the sogsr 
of commerce has this origiu. That which is procured fl-om the as- 
cunding eup of tJio maple, the descending sap of the birch, and also 
from the walnnt and other trees ; irom the juice of beets, carrots, 
tnroips and melons, from green oorn-sta1t&, and the unripe seeds of 
grain, is identical in essential properties with that of tlie sugar-cane^ 
and the/ are all distinguished as eaiu tagar. 

896. Cue aid Grape Sagan, dlftnot eeiUUleM «f arlnlD.— It is tecea- 
sar; \a understand clearly the difference between cane sugar and grape 
sngar. We have seen that the agency of acids is emploj-ed to convert 
starch into grape sugar, mid thej have the some effect upon cone 
sugar. This change takes place even in the interior of growing 
plants. Those plants and fruits which possess sour or acid juioes, yield 
grape sugar, while tlioso whkh contain little or no acid in their stqis, 
contain generally cone sugar. Grupe sugar may be produced by arl,- 
whilo cane sugar cannot. 

307. Caae nA Grape Sagars, (hcmltjU dmrfUMS. — Sugur, like starch, 
consists only of carbon and water; but these two sugars differ in the 
proportion of these elements. While cone sugar contains twelve 
atoms of carbon to eleven of water, grape engar cont^ns twelve atoms 
of carbon to fourteen of water. Grape sugar is therefore lees rich in 
carbon than cane sugar, and caue sugar may be transformed into 
grape sugar by the addition of chemically combined water. It is an 
essential property of sugar, that under the action of ferments, they are 
decomposed ; converted into carbonic acid and alcohol Grape sugar 
is most prone to this change ; and cane sugar, h^ore It can undergo 
fermentation, must be first changed into grape sugar. Cane sugar 
passes into the solid state much more rca^y than grape sugar, taking 
on the form of dear, well de&ned crystals of a coostaot figore ; grape 
■agar, ou the contrary, crystallizes reluctonUy and imperfectly, wiili* 
out constancy or form. Crystals of cane sugar are regular sii-sided 
figures, while tliose of grope sugar are ill-defined, needle-shaped 

tllf).S. 

S39. DUtmitetfMlibUKy and sweeUiiingpovers.— Pure cane sugar 
lematn* perfectly dry and anohangod in the air, while grap« angar 
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attracts atraosp^erio luoiEtare, becoming meal^ and damp. Tet cane 
•Dgar diBSolvoa in water much more readily lliaa grapo sugar. WLila 
K pound of oold water wdl diasolve tliree pounds of the former, it will 
talco up but two-thirda of a ponud of the ktter. Cane sugar will, 
therefore, tualce a mucli thicker and stronger sirup than grape sngar, 
diMolving also more froely in the juices of the mouth, (a property 
upon whinh Uuit depends). Oane sugar possesBos a higher sweetening 
power than the other variety. Powdered grape sugar has a floury 
taste when placed upon the tongue, and Tery gradually becomes 
«weet and gummy or mncilaginous as it dissolves. Two parts by 
Weight of cane sugar are considered to go as for in sweetening aa 
dve of grape mgar. To niako them economically e<xual, therefore, 
five ponnda of grape sngar should coat only as mnch as two of cane 
•Ognr; nnd hence the mingling of grape with cane sngar is a serions 
(teterioration of it. 

99. BowKaw,«r Brain Sagar Is pradatcd.— The sugar of comtneroo 
ars in Tarions forms, and is lold at various prioea. It is impor- 
to inquire into the source of these difiurenoes which involvea a 
euce to the maunfoctnre. Onno-jnioe conttuna vegetable albu' 
in, a substance which has a strong tendency to fermentation (498), 
ice, when loft to itself in warm climotes, it is rapidly changed ; the 
,Mid of Tinegar beiog generated ;— twenty minutes is, in many caaex, 
<piflicient to produce this efibct. To neutralize any add that may be 
thus formed, and partially to clarify the crude juice, lime, which hax a 
powerful attraction for organic matter, is added. The Juice is then 
boiled, the water being evaporated away until a sirup is produced. 
The liquid is thca drawn olT into shallow vessels and stirred, As it 
cools the sugar pronu/ofcn, or appears in the form of small irregular 
ffrain* or crystals which are kept from uniting together by some of 
the sirup (which has been so altered by the heat that it refuses to 
crystalliut), and is known aa molatiet. The product is then placed in 
siiitablo circuzustnncca to drain, when a large portion of the molasses 
flows away, and is collected in ecparato vessels. The sugar, pocked in 
hogsheads, is tlien sent to the market as raw or muscovado, or as it ia 
more commonly known, as brnmn sngar. 

400. Of what Bnwa Sasar taaslati.— The article when packed by 
the sugar-boiler, consists of »ugar more or less browned and dampened 
by Tnolasses, according to the oompleteness of tlie draining and dry- 
ing process. It contains more or less vegetable albutuen, time from 
the added liine-wator, irinute fragments of crushed cane-stalks, oAan 
Ib oousidvrablo quantity, with grit or sand from Uie nnwoahcd cona^ 



I 
I 

I 



820 GEJrailiL PK0PEETIK3 OF AUMKStTAET EDBSTAJICES. ^M 

or wliioh ma; bave been introdaoed ioto tiie graDolating yeaada hj 
careless management. 

401. BrowB Sagu Midereaa a flow tttrntutaOau. — We have stated 
that ftlbomen is a very changeable Eulwtanco, aiid by ita own decompi>- 
sitioii, when in coataat with SBgor, tends to alter that also. Case 
eagar, it troiuforms into grape EDgar. HeDce, in cearl; all raw Eogars, 
there is an incipient, slow formentAtion. going forward, by whiuh a 
portion of cone angar is converted into grape SDgar. Dr. Hassjxl, 
perhaps the highest anthortty in matters pertaining to alimentary im- 
parities, states that nearly all samples of brown sng&r cont^n also 
grape sngar, and that its proportion is greater where there is most 
vegetable alhmnen. This change, of course, jnst according to its u- 
tent, lowers the value of brown sugar. 

402. LlTlag cMtiHlnatl*!! afBnwnSagar.— We had occasion, when 
speaking of water, to correct that common impression of the ill-in- 
formed, that swarms of animalculiD are present in every thing we eat 
and drink. On the contrary, tliey exist only in certain circumEtan 
oes, and when they do occnr, of coarse impair tlio value of food for 
dietetical use. Aa all animal stmctnres, from the largest to the 

_^ j_ smallMt contain nitrogen, one 

of the conditions of the exist- 
ence of animalculiB is the pres- 
ence of nitrogeneons matter 
upon whiuh to feed. Now pore 
sugar contiuns no nitrogen, and 
therefore caimot sustain fknimsl 
life. But in brown, coarse 
sugars the existence of vegeta- 
ble albumen oSera Dourishment 
to those beings, and accordingly 
they are commonly fonod in- 
fested with minute iuscctacallcd 
mgar-mite*. In general, the 
more the sugar ia contaminated 
with albumen, the more nnmer- 
ons are these disgusting insects. 
They may be detected in tlie 
or three tea-spoonfuU in a lafgo 




mn^lfl^ 



tesB pure sngars by dissolving 

wine-glass of tepid water. After ataudiiig at rest an hour or two, the 
onimaloulaj will be found, some on the surface of the liquid, some ad- 
hering to iLe sides of the glass, and some in the dark sediment at 
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ttie bottom, mixed vitti oane-fragmcnts, grit, and dirt. Tlie mite ii 
viiibla to tlie nuked eye, as & mere spouk; the loicroscope, bowerer, 
eibibils Its appearance, and Uatory, from the egg stute tu the por- 
foctly devoU'iped imiuiol, which ia represented in Fig. BO. 

403. PitftHUe ud CompwitiM vf IU1UM& — Common moloases is a 
detae browu liquid, the drainage of the brown sugar mauufaoture. It 
oontttina a portion of sugar tbat has been burnt and darkened in boil- 
ing; HDoUior port that has been ao changed to the mncilaginons state, 
by boiling, that it does not cijstolllzo, together with a qaantity of 
QF.rstallizoble sDgar, It is strong); absorbent of water ; indeed, man^r 
kinds of raw sngsr melt into simp when exposed to the air. Chemi' 
call; oontiderod sngar is an acid snbstonce, and combiaes with bases, 
■a potash, soda, magnesia, to form salts called tamharatet, Uoloases 
.Motains a portion of saccharine matter, combined witli the lime nsed 
.bthe sugar a]anu&ctnre(869); also with small quantitiesof tbe allu- 
" Hulasses itself is also atuduloos. It has a pecnUor strong taste, 

'hioh Oaogt states mo; be removed by boiling for half an hour with 
Ifnlverized charcoal. Sugar-hovM moloMu and simps are the residue 
. Vliioh remains nncrystallizod in purifying and refining brown angor. 

404, BdKd Sogar. — To cleuose it of impurities and improve it in 
'■olor Olid taste, cmdo sugar is ri^fined. It is melted and has mingled 
i^lli it a small portion of albumen (oi-blood), which clears it of mo- 
^fibonicol contaminotioDB. The sirup is then filtered through a bed ot 

" charcoal (burnt boues crushed), by wliich it is decolorized, and 
lllttly, it is crystallized, by boiling at a low temperature in vacnum- 
Iftns, in which the aUnosphoric pressure is removed (63). The diacol- 
Ifring and dju'kening principle in the various grades of sogor is the 
which hue not been removed, but which remoios in tbe crya- 



K 40G.BiKU>^iBdjaadkiw1t IsCfhtred. — When the pore sugar is melted 

ir tUssolved, it forms a clear liquid, and when allowed to cool or dry 

I without diiturbauoo, it orjslallizes into a transparent solid, like gloss. 

I Then tlircsds are tnspended In the sngar solntion, crystals of extreme 

■ Jurduosa collect upon them, which are known as rotk-candy. Tlie 
u) of ^MUaem in refined sngar is that the crystals ore small, coo- 

■ ^aaed, and irregular. To moke candy wUito, the sugar, while cooling, 
mh agitated and worked (puUei), whioli breaks np the crystals andreu- 
l^lers tlie mo^ opaque. Candy is commonly adulterated with floor, 
rl^id frequeuUy with oholk. Various colors are given to sogar-eoufuo- 

ery by adding paints and di«s expressly for the p'urjiose. Some of 
e hannlew and others poisooona. Thoee which are leut 
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rioos aro the vegetable and animal coloring matters, but these neithei 
form so brilliant colors nor are thej 60 lasting as the mineral com- 
poands, wliioh are fur the most deadl; . The follawing nro tlie chief 
coloring Bubetancea used by confectionerB to beaotify their sugar 
preparatiotia: 



iOildg of Icid (rtd Uad). 
BlMlphunl of mercury (rirnHUait). 
BliQlphatet of uwnic (ivt oryiimttU). 

Clironiiiie ntUaA (e/tromi sill<ne). 

Fsmxi;iuildii of Iroa (/>riwliM Nut). 



ccpper (jMrdigrU). 
upper {tmti-ald ffrint . 

mppei (mineral ^rMn). 

leid (ahlli Itad). 
oniblnlDg bloDB ud r«di. 



J 



neiibj 



From an eiominntion of 101 samples of London confL-ctionerj, Dr. 
IIassau. fomid that 59 samplea of yellmo were colored with ehnmutU 
tif lead and 11 with gcanbogt. That of the reds SI were colored with 
cochineal, 12 with red lead, and 6 with vermilion. Of the blocs, one 
sample was colored by indigo, 22 by Fruttian blue, and IB by «f(rtt- 
marine. Of the greens 10 were colored by n mixture of cKromateef 
lead and Pnietian bliie, 1 with earhonate of copper, and 9 with artm 
ite of copper. Those colors were TBiionsly combined in the different 
oases, as many as from tliree to sevon colors occarring in the same 
parcel, including three or four poisons. 

403. Tbdrdangerou sad fatal EIMa.—Tlio Dr. remarks: "It may 
be alleged by some that these Bubstaoces are employed in quantities 
too inconsiderable to proYB injurious, bnt tliia is certainly not so, for 
the quantity used, as is amply indicated in many cases by the eye 
alone, is often very large, and sofGcient, as iB proved by nomborleas re- 
corded and continitally recurring instances, to occasion disease and 
death. It ahould be remembered, too, that these preparntious of lead, 
mercnry, copper, and arsenic^ ore what are termed eumulatite, that is, 
the; are liable to accuraolnte in the system, little by little, until at 
length the full effect of the poisons bewtrae manifested. Iiyurious oon- 
•eqnenoes have been known to result from merely moistening wafers 
with the toDgne ; now the ingredients used for coloring these indnda 




many that are employed in sngor oonfootionery. How maoli ti 

JnriouB, then, most tlie consumptioD of sugar thus paiut«d prove wLea 
theao pigmeota tire actnally received into the stomach." 

D<— n>« Gniiu* 

407. PrtperUci Of Ue Godu. — The Jnieea of many plants cootain 

Bobstances wliioh ooze ont through the hark, forming rounded trnns- 

pitrent massoe at ;urn, as wo ofton see apon cherry, plmn, peach uud 

apple trees. The guraa differ considerably in properties. Cherry-tree 

gnm is tnaolnble in cold water, but dissolves readily in boiling water, 

while gam-orabio dissolves in oold water, and gont-tragacanth dissolves 

in Dcither, but only Bwella np into akind of mucilage. The solutions 

of gums are clear ami toatoiess, and have aglutiaoua and sticky n 

! vliicb adapts them for patito, 

I 40S. ArUflcUl Can.— When common starch is heated to 800 degrees 

[ In au ovc(J, or boiled in water made suur by a little solphurlu acid, it 

I Is so altered as to diseolvo in cold water, forming a clear, viscid soln- 

I tion. The aabstanoe thus produMid from the starch has the properties 

I Of gmn, and is known ns dextritie. 

I 409. Hiir Gmh Is CMipMc4. — In chemical compoeition, gam and 
I dextrine do not differ from starch; they consist of 12 atoms of 
I ttrbon combined with 10 of water. Gam exists m grains, and many 
I T^ctables, and hence is a widely-diffused element of food, although it 
P docs not occnr in large qiiontitieH. lu dietetical value, as shown by 
[ Its composition, is the same as Btnrch and sagur, and hence it is 
I groDpcd with the saccharine alimentary principle. 

[ E.— The Oils. 

I 410. Dbtlirtln ketweca TeUUIc and Flied Oils.— Oils are of two 
L^UsBea; Ist, those which, when smeared ujmn pn|ier, prodnce astain 
I er grease spot, which does not disappear by lime or wanntb, and 
I beuco called JUtd oils; and, 2d, saeh as will vanish from paper, 
[ wilur saoh ciranmstaucos leaving no permanent stiun, and tberv- 
I fbre called volatiU oils. T]io former is a nniversol and important 
I dement of diet, the latter presents itself chiefly among condiueDts^ 
I nd will bo there coondered. 

F 411. Mwcts and FWai af OUjr Badlei. — Oil is largely prooared both 
k ^m plants and animalu, and from both sources it b chemically the 
I fune thing. It exists in many parts of vegetables, but Is chiefly 
t fltored np in their seeds, from many of which it is obt^ed by prcasora 
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in large qnantiiJCB. Id animal bodies it ia deported In the sacks or 
caviUes of ceUulftr tiasne, and becomes accunmlated in iarge qaaoti- 
tjes in different parts of tbe body. Oils and fa\B are chcniicallj iden- 
tical, differing onlj io wruitlenee, and this i|ua1it}' depends upon tern- 
l)erature. Lowering the temperature of a liquid oil snffidentlj', 
ohnuges it to a solid, while raising that of a solid tallow cooverts it 
into a flowing oiL That which, in the hot climat« of AMca, is tifuid 
palm oil, ia.with on solid palm butter. Those oils, however, which at 
ordinary ternperatares are not perfcctlj fluid, bnt have what is called 
an oily consistence, become mneh thinner at>i oompletelj liqnid when 
heated, 

4!2. rrnpflrtiaB af OU la Irtldt* %r IM«.— The proportion of oilj 
matter from many sourcea ia varinlile, as in the case of mi-al, which 
may more or less abound in fat. Nor has its amoimt in many T^e- 
tablos been determined with sufficient certainty. The following are 
the quantities gtren by the later authorities : 



TolkotEn »8'7Sp<>r» 

OntlDUr Heat (Lono) U-Ot " 

Iidten Omn •■ ' 

Oatmul Omik exdiuM) 6- " 

Cow^Mlk B-IS " 

Eye Flour 8-S " 

WliMtFlour IloS " 

BulcxMBil....; a- " 

pDliloui tdri«l) '.... !■ » 

iUw -9 - 

BiukwhcBt -4 " 



I 



ills. Ill CoHposlUoBi — Oleaginous bodies are distinguished &om 
all the other alimentary principles, by their chemical composition, and 
the rcsclting properties. Tbey reeeuble the preceding substances 
which wo have been considering in conlainiog three elements, carbon, 
hydrogen and oxygen ; but they differ from all of them in this im- 
portant respect, that tliey are composed almost entirely of hydrogen 
and carbon, with but a smull proportion of oxygen. The eomposilion 
of hogs-lard, Hs given bj CnEvmiin., moy he taken as an example of 
the general structure of this alimentary group. It consists of carbon 
70, hydrogen 11, oxygen 10 parts in a hundred. We liaro seen that 
hydrogen and carbon are the active fire-producing elements of fod 
(80), As the oils are so rich in these, tliey rank high as ounibns- 
tibles, burning with great intensity, and yielding much heat. It fans 
been also noticed that oils muy be decomposed into several acid and 
baste principles (IS6). 



TUB ACIDS 70I7ND IS TBUITS. 



F.— Tbv TeceWUe Acid*. 

414. CwibluIlM ud CaMpMltlM.— The Boamess of fruiU and aniv 
onli>iit vegetables is due to variuus auids pradaced in the pknt, aad 
wtiicl) tboj coDlttiD nsLudl; iu quite Bumll proportiona. The; eiidt in 
twQ states : 1st, as poro ftoids, or tree, whuu thej are strongest ; uid, 
Sd, combined with boaea, as potash, lime, &o., hj whioh they ara 
pnrtiailj neutralized, and tlius rendered less pongeat to the tHstp. In 
this case ihejr exist as acid salts (GDI). The rogetahlo acid group con- 
tiiiita of hut tbree demonts, carbi'in, osfgen, and hjdrogeo, like tbe 
Hturch and oil groupx, but it is distingaishable from litem by ooatain- 
iug hat a small share of hydrogen and a large proportion of osfgen. 
Tlie composition of tbo different Tcgutable acids is quite variable, bat 
tLey all agree in poascsuog less hydrogen and more oxygon than any 
otlior class of organic alimentary principles. Their nutritive value is 
Tery low. 

415. Itid ef Ipplcfr—DiIle-lcM. — This b the pecnliar acid of apple*, 
and it h abo found in numerous other froita. Thns, it exists free ia 
p«ars, quinces, plums, poaches, cherriea, gooseberriea, onrrauts, straw- 
berries, raspberries, blockherries, elderberries, pineapples, grapes, 
tomotoes, and several otlier froita. It exists very abundantly in groeu 
apples, causing their extreme acidity, and dimiuisbes as they ripen. 
The wild crab-apple is mooh richer in midiC'aoid than the cultivated 
fruit, and generally speaking, in proportion as we obtain sweetnes»by 
cdllare, wo deprive the apple of its tnalio-aeid. No use is made of 
this Hcid ill the separate state. 

410. AcU arUwiBa—CUnfr-itM—Oives their sourness to the lemon, 
oraiigc, dtron, and cranberry. Uixed with molic-acid, it exists also 
in tlie gooseberry, red-c'irrant, itrawberry, raapborry, and cherry. 
Oitric-Roid is separated from lemon Juice, and sold in the fonn of crys- 
tals, whicti may be at any time redissolvod in water, and by flavoring 
with a little essonce of lemon, an arti/Uial lemon juice is produrad, 
wbich is nsed like the [mtnral juice in the preparation of refrealiing 
and c^ooling beverogos. 

417. Idd of Grap»«— Tartarie-itM.— Tliis acid io the free slate es> 
\sts in the grnpe, and is found besides in some other fruits. It aimi 
•xbtts abuudniitly in the grape in combination with potaah, as acid, 
tarlratij ut potash, or cream -of-tartor. Tartaric-acid ia prepared and 
Bold in Uio crystalline fonn as a cheap snbslitute for dtrio-acid, or 
lemonjnlce. It does not absorb moisture when exposed to tbe ur 
■Ike oitrio-oud, but ia inferior to it in flafor. Tbe oommenial «Saf 
10* 



I 
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ye«cing, or loila poicderM, cotmst of 30 grains of hicarbonato of soda, 
oontained in a blue paper, and 26 grains of tartsric acid, in a vLiM 
pa{>er, to be dissolved in half a pint of water. 

41B. OuUle-iiM — Kxista in sorrel, and also in Uie (tardea rbabaib 
or pie-plant, combined witli and partially neatralizod by potaah or 
lime. It is a prompt and mortal poison when pure, and fatal resnlti 
frequently occur from miataking ita crystals for those of Epaom sails, 
whicli they mnch resemble. 

419. Ves^ttble J«Uy, Ptdlae er Pecdcldd.— TliiB is obtained from 
the juice of apples, pears, quinces, currants, easpborriea, and many 
other froita ; also, from tBmipa, carrots, beete, and other roots. It is 
composed similarly to the vegetable acids, having oo excess of oxygen. 
Vegetable jelly is tbonght not to eiist eiaoOy at mich in the plant- 
juices, but to be produced from another substance in the process of ita 
separation. The snbstance from which it is obtained is soluble in the 
vegetable juices, bnt the jelly itself is scarcely solnble in cold water. 
Boiling water dissolves it, but it coagulates agiun as the water cools. 
It is commonly prepared by miiing sugar with the jnioe, and suffering 
it to stand for some time in the ann, by which a portion of the wal«r 
is evaporated; or it may be boiled a short time. But when loog 
boiled, it loses the property of gelatinizing by cooling, and becomes of 
a mnoiloginouB or gummy nature. This ts the reason that in making 
ctnrant or any other vegetable jelly, when the quantity of sugar is not 
Bufficiont to absorb all tbo water, and consequently it becomes neces- 
sary to concentrate tbo liquor by long boiling, the mixture often lostss 
its peculiar gelatinous properties, and the jelly is of course spo''ed. 
It differs from animal jelly in containing no nitrogen, and although 
readily digestible, it is supposed to be bnt slightly nutritive. Isinglasi 
is often added to promote the stiffening of vegetable jellies, and sugar 
also has B similar effect They form cooling and agreeable articles of 
diet for those sick with fevers smd inflammatory complainta. Jatni 
consist of vegetable pulps preserved with sugar. They are very simi- 
lar in their nsea and effects to the fruit-jelliea, from which they prin- 
(upully difier in containing a quantity of insoluble, and therefore indi- 
gestible ligneous matter (or vegetable membranes, cellular-tissue and 
sometinioa seeds), which in the healvhy state of the system contribute 
by their mechanical stimulus to promote the action of the bowels, bat 
in irritable conditions of the alimentary canai, sometimes prove iiyuri- 
ous, (Pkhri It a .) 

420. AmUc idd, n rinesu, — The acid in most general ose for diet, 
(tical purposes is the acetic, or acid of vinegar, which we obtain bj 
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fermeatAtion (401). Good strong vin^iar contains abont four per cent. 
of the pnre acid. Vinegar nuij' be casil; made at anj time b; adding 
foruicnt, oryeaat, to water sweetened with engar or molasses, or an; 
sweet vegetable juice, and eipodng the whole for a rcaaonable time tu 
the air in a warm place. Yinegar itself added to the mixture will act 
la the way of yeast to rtart the operation. There accnmolatos in old 
vin^or s thick, ropy matter, called mother, because it is capable of 
producing the acetoos change in a sngary solntion. It consists, like 
yeast, of vegetable cells (406). The Juices of most fruits contain all 
Vt» elements necessary for fermentation and sooring. Apple and gra[)o 
Jtiiee^ at first, undergo the vinous change produoing cider and wine, and 
fte ])roce8s continued converts them both into vinegar {ptder-tinegar 
ttd mae-Minegar), which are prized, on account of the fruity aroma 
Irhioh accompanies tiiem. 

2<— Peujciplm CoNTADnso Njtbookt. 

A>— VegetKble Bnd Animal Albumen. 

421. It (\Lin In both organUtd Kigi^aiU.— We are oil familiar with 
slburiicn or white of eggs, and rccolli.>ct the remarkable change it ud- 
,aargi)es by heat, being ooognlated or altered &om a transpareiit liquid 
)t> an opaque, white, brittle solid. This substance exists in small pro- 
portions diHSolvod in the Juices of plants. If such jnicos are clarified 
iDd then boiled, the albumen coagnlatca in thin flakes, and may be 
Mpamted ttoni the liquid. The same snbstnnoo exists also in emuU 
ititics, laid up dry and solid in seeds and grains, but its exact pro- 
parts of plants hn? not been ascertained. Albumen 
lals, and is a luuoh more abaiidaut eoustitucnt of 
itso than of plants. It constitutes, nccording to Red MAtrtT, about 19 
cent, of healthy hnman blood, and is therefore foniid in largo 
in all parts of the system. It exists in iho pecniiar animal 
^ces. In the glands, nerves, brain, uid around the niuiKnlnr tibrcs of 

(•KIMsltloa tf UkBBU.~In composition, albnmen diSbrs widely 

Atim the aliments wo have considered ; it oontains not only the alt- 

«nU they contain — carbon, oxygen, and hydrogen,- —but in addition, 

large proportion of nitrogeu, and also a minnte amount of sulphur, 

The cheraieal stmotQre is thns complex. The result of the btesC 

lulysis is, that a componnd atom of albumen consists of 910 eurbon, 

380 of hydrogen, 68 of oxygen, S7 of nitrogen, and 2 of Bulphiir, 

~ of eggs, however, contains a slightly lai^gor proportloD 
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of sulphur. Ycgetablo and tmioial albumen are esaentially the Boms 
thing in properties und composition, differiog no more npon auaJjMi 
iLan two samples from Uie same source. 

428. fiescral Pn|wt11ts tf ilbancD. — It exists in two states — aolable 
and insoluble, or coagulated. Tho coagulation is effected by simple 
Leat ; but there is mucli oonfuslou of statement among diSerent writera 
aa to the point of temperature at 'which it solidifies. This depei 
upon clruumi^taaoes. A moderately strong soIntioD of pure albi 
iu water becomes torbid ot 140°, aud completely insoluble at 145% 
separates in flokes at 167°. When escessivoiy diluted, no tnrbit 
con be produced by a leas heat than 194°, and it will only separate in 
solid mosses after it has been boiled a considerable time. As ageaerol 
rule, olbnmen coagiitatcB with greater difficulty in proportion to [lie 
quantity of water in which it is dissolved. Coagulated albuiaeD 
refuses to dissolve in cold water, merely swelling u|> in it There are 
many substances which, if mixed with it, (»>Bgnlate albumen wfacn 
oold, OS alcohol and corrosive sublimate, the mineral acids, and maa7 
salts, while the presence of alkalies hinders its coagulation. Tlkk) 
, change of coagulation does not alter or disturb ita compositioo- 






B.~VeKctable and Antni«l Casein. 

iii. Boone ud CoiaposllloB. — The water iu which flour has I 
washed or diffused, iis in separating starch, contains a smaU porti 
of a dissolved sabatance, which is coagulated by the addition of 4 
acid, and may be then separated. It is called vtget<Jile eaaoin, and I 
fonnd in tlie largest proportion in peas and beans, constituting f 
20 to B9 per cent, of their weight. This substance is identical 1 
properties with the curd of milk, which is known as an" " 
and is the chief ingredient of oheese, Tho identity of vegetable and 
animal casein is well illustrated by the fact that the Chinese make a 
real cheese from peas, They are boiled to a thin paste, passed through 
a sieTe, and coagulated by a solution of gypsum. The curd is treata) 
like that formed in milk by rennet. The solid part is pressed 01 
salted, and wrought into cheese in moulds. This cheese gradna 
acquires the smell and taste of milk cheese; and when freehj'iafd 
favorite article of food with the people. The cii)miM)BJtion of t 
ble and animal casein is nearly if not (juite identical with that « 
albumen (422). 

<'.— VcBetnblD and Animal Fibrin. 

12a. Tbt Blood and l>g»l«ble Jolted— When blood is drawn fi 




FtnBDT AND GLUTEN. 



320 




Bt DM^ntHcHL 



the living body, in a short timo it elolt; tliut is, a net-work of fibres is 
foniiMl within it. These fibres coniiiat of animal JUirin, which waa 
disHuired in the blood, and then took on the solid form {i^ntaneous 
eoagulalion). Vegetable juioea, as those expreaaod from turnips, car- 
rots, l>eeta, fto., also contain the Bome Idud of mntter which thej deposit 
OD standing, that is, it tpontarieoutly eoagulata., and this is known 
as vegetaUa fibrin. If a piece of r n. 

lean beef be long #ashed in clean 
WNt«r, it« red color, which is dne to 
btood, gradually disappears, and a 

1 of white flbrons tissue re- , 
stains, which is known as animal ' 
' flbrin. The accompanying diagram 
(Fig. 91) shows VtM Rtractnre as seen 
mdcr the microscope. The pnrai- 
i M Siires hare cross markingti, wriiiklea, or striEe, By the c 
. at a mnscle in the living ojiiinid ihe striie are made to approach each 
', become leas distinct, aud the fibre increases eonaideriUil; in 
I breadth and thickness. 

426. Glitn.— If wheat flour be made into a dough, and then 

' bieuded on a sieve or piece of moslin nnder a stream of water 

(Fig. 1)2), its starch is ^^^ 

wished away, and there 

gray, elastic, 

[ lough (mbslarice, almost 

sembling a piec« of ani- 

nal hkin in appearance, 

mien dried It bns a glne- 

lilco aspect, and houce its 

L', friuten. Wlicntbos 

I prod need, it consists ohleSy 

vegetable fibrin ; but it 

. Utile oil, 

with albumen and casein. 

Hint from other grains Is 

dUfurent in the proportion 

of these cunstitueiila ; rye ^-^=^ 

gluiuu, fur eiampla, oon- 

^U largely of casein, and 

pie. By acting upon crude 

I li separated into fonr priuoi] ~ 
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TtfMibU dbtlB n pcTMlft ^^^H 

o-ein(».i.o"""""!"!"""":;":'"""i!."!.;...i..:! < - ^^ 

OU M - '■■' 

BUnh (udilniiiJX aniU quMIV 

Toul nt " 

4S7. lilwd Hbrto. — The mnsclea or leftn meat of uiiniAls are piiii' 
cipolly composed of tbia enbBtaiice, ita proportionate quuititj bcdng 
greatest in fieah that ia dark'-colored, and belongs to aiuraala tLut ba^e 
Attained their fall growth. Ita characters \iaj somewhat in diSereat 
animala, and in the some animal at different ages. Its c«lor is Tari' 
able ; in beef and matton it is red ; in pigeons and man;^ kinds of 
game it ia brownisli ; pint in veal, sahnon color in pork ; in fish, white 
or semi-traiisparoni, though all animal* yield it on various colors. 
When washed free from blood and other foreign Hnbstancea, pore 
fibrin is white and opoqne, bat darkens by drying. 

428. Pr*peKia«fttentr«gen*upTlattplcc.~-W]iateTertheirformor 
source, these Bnbstanaes are identical in composition, a Cut of great 
importance in comiectioo with animal nntrition. They present varia- 
tloDB of aspect and physical properties, and different solubilities, albu- 
men and casein being eolnble in water, while the others ore not; and 
while fibrin eoognlates or solidifies spontaneonaly, albnmen is altered 
in the same manner by heat, and casein by adds. It is possible that 
son^e of these conditions may he inflnenced by the mineral pliosphntee 
which these aubstancea oontain io variable amoimt, bat tliis'point is 
not yet determined. Those snbstances are decomposed by heat, and 
exhale a pnngent odor like that of bnrnt feathers. They may he long 
preserTod when dried, or even in the moist state when cnt off from 
the atmosphere ; bat in conlaet witti air and moiatore Ihey quickly 
decompose, putrefy, and coll into oiiat«nce a host of microecopiu oni- 
molculai. We shall consider these sfbstancee again (S76). 

4S0. Il8Senrtes,Fraprrtle9ai4EMS. — There exists in the bone, can|^^| 
lages and various membranes of animal bodies, a princijile ricli in ni- 
trogen, called gelatin. It is not identical in compoeitjon with the ni- 
tnJgenoos class which we ho>o heen considering, nor is ii like ihem 
prodaoed in the vegetable kingdom ; bnt it is supposed to be derived 
fVvm them in the animal systeni. It diseolvea in hot water, and when 
cooled, forms a white JoUy. It is the nnivGraal principle of animal 
}idUes. Common glue consists of gelatin, bat in this fonn it is not 
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tued (lietcticallf. IiingloM is s prcp&nition of goktin in vorions foms 
to be nsod as food. It ta maiiily prociired from tlie nir-bng or bladder 
of fl«hea. Fonr parts of isinglnas convert 100 of water into a trem- 
bling Jellj. Gelatin is also extracted from calves' feet, in tonumgcahe* 
foot jellj/, aDd calves' heads are also employed to fnrmsli jellj in mak' 
ing moeb tvrth toup. Gelatin is used not only to prodnco jellie*, but 
to tliiukon and enrich gravies and sauces, and also as a otariiying or 
' fining ' ngont to clear coSee or other miitnres. 

430. DIBfcnnt Vuu* apFlM (»lhen SitftiiuM. — The recent r^id 
progress of organic chemistry, has bronght this class of enbatanoes fur- 
ird into new and highly Interesting dietetical relations, and there 
s been a confusion in the terms applied to them, which, though 
|>eThap8 inevitable, is at 6rst very embarraaslDg to nnscientifio readers. 
As they all oontain nilrogen, they are called nitrogoMm* alimentary 
principles ; and as one of the names of nitrogen is atota, they are call- 
ed atotUfd componuds. As they have all (osccpt gelatin) the same 
«otnpoBition as albumen, and are convertible into it, they are often 
«]lcd aHmminoui substances. As they form the material t^um which 
tiie body is nourished and bnilt op, Liebio named them pUutie eU- 
m«ntt qf ntitriticn ; they are also called nutrtttM principles, the,ff«A- 
firviing and hJood-mahing snbatancea. Hdldbb snppoeed that a ec 

1 principle could be separated hora alt of them by gettJng rid of 
•nlpbur, (of which they contain variable traces,) and he called this 
principle pro Ctin, and hence tho gronp has been called j»rotn'n or ^tro- 
teinareoui eomponnds. Mcldsr's pocoliar views are abandoned, but 
his terms are still in cnrrent nso. 

S. CoMFOtiMi A[.tHi:rrB. — Yboetable Foods. 

4S1. Oar common articles of diet consist of the alimentary pritiot- 

^es which have just been noticed, combined together and forming 

what aro known as compound alimenti. They are naturally divided 

\Ho wgttablt food* nxiFtmiToal fooiU ; of the former first. 
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4S3. CMpMltiM •! WlteaL— We begin with wheat, the prince of 
-grains. It consists of gluten, starch, sngar, gam, oil, husk, and wn 
with salts that are left as ash when it is bnmed. It is maintained by 
e that there is really no sngar preaent in the ripe grain, especially 
Id wheal, bnt that it is produood by the aetion of ur and water upon 
tiio storoh dnring the procMS of bread making, or analysis, 
proportion of constitaonts in wheat is liable to conaiderublo variation 



433. Pr*p«rUM of GlitfB Im VkMt — ■ 

tu Fpeak of tlie physio] ogicnl iuflueoM o! 
portioD, the ecricllj natritiuiis part, is i 
tLnt therofora 'glulUL,' Iho propertiea 
(420), is of tba first iraportjince 
analjHis of «x samples of wheat, made b^ I 
age of ll'lS per cent, of gluten ; Duha^,I 
od an average of 12'50 per cent. ; and Dr.l 
iin inTOstlgatlonof the su]^<-'<'ti at tlie din 
riont, uul of 88 aamplcs of wheat, gathered 
try, procnred an average of 11-73 per oei 
Bpeoimens ranging from B'8S to 15'25 pet i 
inntion, however, adopted by Dr. Bboe — t 
starch by a stream of water (420)— ta not t 
tioD of albumen and caauio, with smul] part 
away by the Btreara — wLioli would make t 
nnder-slatemeat of Iho true proportion of i 
loea IB aasnined to be compensated for by the 
aud the result is thns tii a certain degree gi 
ceeded more ocouratoly, by making an nltin 
and calculating the amomit of nltrogenons 
nitrogen fianllj' obtained. Six sa mples 
16-U per cent. of_fi ^"" 
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Morenrcr, nn; injury or damage tbat floor may sustain, b most 
])rom[iiIy mauifuated lij' n clioiige in Oio glaton ; it is boih rednwd in 
qiiautit; and dimtuUlied in tenacity. Fluur dealers and bakers deter- 
iiiiue tbe qnolity of flours by iimking a fow gnuna into a paste with 
n-ater, wben its valne is judged of by the tenacity of iJio doogh, tlio 
leugth to which it may be drawn into a thread, or the extent to which 
it inay be spread nut into a thin abeet. M. Boi-urD haa invented an 
instrument for determining the quality of gluten. A little oup-Bhaped 
<:op|)er vessel, which will contAin about 310 grains of fresh glaten, is 
secured to a copper cylinder of thrce-fonrtbB inch diameter and six 
inches long. It is then heated to about 420° in on oil bath. Tlie 
gluten flwella, and aiMJording to ita rise in the tnhe so is its qaality. 
Good floors furnish a gluten whioh wUl augment to four or Ave times 
its origiuai bulk, while bad floors yield a gluten whioh does not swell, 
bat becomes viscous and nearly fluid, adhering to the sides of the tube, 
and giving off occasionally a disagreeable odor, whilst that of good 
flour luorelj snggests the smell of hot bread. — (MiTonBLL.) 

435. BMareil and VenalMU ore pastes formed from wheaten fionr, 
and made to take various shapes by being passed through holes in me- 
tatiiu plates. Those floors are best adapted for this preparation which 
make the toughest pastA; those, therefore, which are riobest in glnteo, 
and where this element Is of tlie best quality. The wheat of sonthem 
or warm climates is said to abound most in gluten, and henoe to be 
bettur fitted for this production. Our oliiof supplies of macaroni are 
from Italy. The English have attempted the mannfacture by separat- 
ing the gluten of one floor and iucorporiitlng it into another. Tlieir 
vucuL'ss hiui bceu but indifferent, nor have we saoceeded satisfactorily 
with it in this country. The best macaroni shonid retain its form, and 
only swell after long boihng, withoirt dther running into a moss or 
failing to pieces. 

436. Water to Wbcat. — The wheat grain consists of a solidified veg- 
einlile milk. A^ tbu grain ripent^ evaporatjon of water takes place, 
mill lli'> milk cuudcnsus into a hard mass. Wheat ripened nniler the 
hi)i sun of this dry diiaale evaporates much of its water, and <lrio» 
harder, with n tendency to shrivel in lie boiry; while in the cooler 
and diuu|>er climate of £ngland longer time is allowed for ri|>«uing, 
and evaporation i« slower, so that the same variety of English wheat 
presents a larger and plumper berry Uian if grown in iJiis country. 
Dr. IIbck'b eiarainalion (tave an average of 13-78 per cent, of water, 
tlie range being from U'TS to H'OO. Different wbeat^ however, are 
stated to vary in their natural proportion of water ao widelj oi frotb 
5 to 20 per cent 
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437. Crbutlnx of CfitfiL— Groin is oonvorted into flonr by bring 

groQDd between two Iiorizontal etones, tLe upper of which reTOlre^ 
wliiio tJio lower is Btationary. The mill-stones (buhr-stonea) are com- 
posed of a pecnliar hard and porous suid-stone, so that the working 
Burfaces consist of on infinite number of minnte cotting edges. There 
is an opening in the centre of the upper revolving stone throngh 
wliich the grains are dropped. Tlie lower stone is oonvei and the 
upper one is concave, ao aa to match it; but they do not perfectly 
ioio or fit. From the centre outwardB, they approach closer together, 
BO that the grain is first coarsely cmahed, and then cnt finer and foor 
OS it ia carried to the circumference by the centre-flying (centrifnga)) 
force. The crushed groin, as it leaves tbe stones, is not an absolntely 
uniform powder, composed of equal Eiz«d particles, but consists of 
ports which have been differently aficcted by the grinding process. 
Some are coarser, and others finer, so that it becomes possible to 
aeparoto them. The ground mass ia therefore convoyed away and 
bolted; that is, passed through a succession of sieves, and separated 
into several parts, fine flonr, coarse flour, bran, <Icc. 

48S. StnttireoftAt Grslas.— ^Wlien we consider wheat or other grua 
with reference to its grindiag and sifting capabilities, the proportion 
and quaUty of its separated products, several things require notice in 
regard to the stmctare of th£ kernel or berry. Each grain con^ts of 
a farinaceous body, enclosed in a membranous hnak or skin. This 
hosky envelope varies in properties ; in some wheat it is tlitn, smooth, 
and translucent; in others, rongh, thick, and opaque; in some light- 
cdlorod, In others dark ; in some tongh, in others brittle ; and in some 
it peels or flakes off readily nnder the atones, and in others it is very 
adherent to the kernel. The other elements of the seed, albumen, glu- 
ten, starch, and oil, and the salts which it leaves as ash when bnrned 
(44G), are not equally distributed throughout its oiasa. Immediately 
beneatlt the incmsting bosk, is a layer of matter of rather a darkish 
color, and not verj easily reduced to an impalpable powder. It i* 
rich in gluten, and contains oil, which ciiats in minute drops enclosed 
in cells. Underneath this is the heart of the seed, which is whiter 
and more readily crumbles to a fine dust. This part consista more 
pnrely of stardi, and forms the finest and whitest flonr. There ia 
a oertiun degree of interdiffnaion of these elementa throughout the 
body of the seed, yet, upon dissection, they are each found iu eicesa 
In the paria indicated. 

439, AaatcHT sT Grails IDtstratcd. — &n idea may be gathered of this 
iiatribntion of substances throughout the cereal Meds, by the aoeom- 




BT&ucru&s or tbb cebeai, oK^iirs, j^38 

puiyiog eeclion of a grain of rye highly 
magnified (fig 03} : a repreaoats tho outer 
iDvoaliDg tced-coat, conaisting of three ~ 
rows of cells ; b, *n inner membrane o 
■veil'Coat, composed of a single lajer of I 
cells; f, a layer of cells ooDtauiing glatoD. ; 
Theae three form the bran ; d, ooUa c 
tAiniug starch grains in the interior of \ 
I ^g. 04 represents a cell con- 
■ itHning Btnrch, more highly magoifled, and Fig. -OS, the appearance of 
' "" « griuns of rye Btnreh viewed by a still stronger power, 

440. Parts 8«|)anUekTfilRlBg. — These wveral portions oppose tm- 
P]«qiiul reMstance to the paWerizing force of the mill- 

The outer fibrous portion which ronns the balk 

Miflf bran is lonst affected; the tough ooherei. . „ 

^^tviiled still finer, while tiio brittle starch, of which the ,/^^ 
1 is mainly composed, is crushed most cotnpletely. 
I the particles of tbcno eolHtanccs, therefore, a, 
KVfferent sizef^ thoy may be separated by a bolting doth, 
"teTing different degrees of finuaeas of texture. Th 
I ^product is divided by the miller according to cnetom o 
rlbnoy, four or five grades being often established, which, of oootm, 
\ Tiry imich in composition and properties, 

441. Proptnies aid C«Hpwttl«B of Bru^— From whnt bns been sud 
L of the husk, it will appear thai the quantity of bran yielded by difiur- 
rnt wheats, is liable to variation (488). As the p « 

[ kuk is detached with different degrees of ease, it 
ia evident that it may carry with it more or less x— r^ /y^^^^ 
•dhcrent matter of tlio grain, by which its com- /'' ;^)^ C'^^^ 
position win be mode to flactoato. Johsskw \lrj/ ^^^ 
■tatca, that in good wheat the hnsky portion /^^>^ 

amonnts to between 14 and 16 per cent, of its xsl^^^tli 

whole weight. The same aoUiority found si* ^^^^ 

I vboots to jrield bnn of on average composition, 
» follows : 

W««« IM 

Kltntnlitd munr U« 

on « 

Haibiud ■UIOaiMrab (M 

8>Uuiult«(^} - M 
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Tbis discloses the nitfogenoos raBtt«r,-tbe oil, and the boIIb, in larger 
proportion than they eiiat in tlie interior of the seed. The escea 
of oil existing iu the hiMks of whest, helps to protect it against the 
penetration of woiature, and enables it to be washed (wliicli onght «]- 
WBjs to be done before grinding), withoat wetting the inner part of 
the grain. 

413. Wbttc ui dirk-Mlared Flam. — In separating flour ioio dif- 
ferent grades, tlie finest and wliilest will contain the largest qnantit; 
of starch, wliile the coarser ivill more abouad in gluten, and present 
a darker color. From the soft wheats the bran peels off readilj under 
the Btoiies, and geparat«B perfectly in bolting; and as these varie- 
ties contain leo^t gtnten, they yield the whitest or aaperfine floors. 
But the outer coating cliiiga so closely to the hard or flinty sorta, that 
much of it is ground up Snely irith tlie flour, imparting to it a dark 
color, an effect which is also heightened by the larger proportion of 
glnten existing in the harder Idnda. It ia thus apparent that white- 
neu is not an indication of qntritive value of Sour, but rather the 
royersa. We may add here, that flour of the first qnality bold* 
together in a mass when squeezed hj the baud, and shows impreadons 
of the fingers and even the marks of the skin mv^h longer than when 
it 19 of inferior grade. The dough made with it is glnoy, ductile, 
and claatio, ^y to be kneaded, and which may be drawn ont into 
long strigw, or tliiuly flattened without breaking. 

443. LOM of WdgU bj EiapsraliMk — When wheat is kept for several 
monthg, it loses water by evaporation, becomea denser, and one or 
two pounds a bushel heavier. When ground it gets hot, aud stiU 
more of its moisture ia evaporated, so that the flour and brai^ 
although twice as bulky aa the wheat, weigh some two or three per 
cent. less. 

444. I^lnrlou tbaoges lu Fhu. — Wheaten flour becomes whiter 
with age, but it is at tlie expense of gradual deterioration of flavor, 
awcetncsa, and nutritive quality. BEnoa kept varions samples of 
flour, and found that the second and third qualities, lehieh eonUiitied 
moit gluten, were comjiletely spoiled, after keeping only nine months^ 
though preserved in casks in a cool, airy, and dry warehouse. Mir- 
onsnucn and Kbooeeh showed that wheat in which sugar was proved 
i« be absent before sending it to the mill, yielded, after being ground, 
1 per cent, of it. Starch was thus transformed into sugar, which conld 
not be done otherwise than through the internal action of the gluten 
uded by air and snperabundant inoistnre (473). The mutual action 
Bf the glnten, and the natural m<^ture of the flour, eeetn oiton capor 
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ble, at common tempernturei, of slowly bringing iiboat this ii^jarioiu 

chuDge, But when ttie flonr comes out hot from the friction of tlis 

etoDes,aiidisleft tocool gradasUy in Jorge beapei,d«<:ompoBitioiii]Qiokly 

Bets in, Htorch is obangod to >ugar, and perbupo eagar to oloobol, and 

even alcohol to Tinegar; bo that the process advances rapidJj to the 

souring stage. This action alwajs tokea place in the middle of the 

lieap first, and proceeds towni'dB the snrface, tbe air enveloped in 

the floar, and the beat produced hj chemical ttotion, faToriiig the 

change most in the centre. Flonr, as soon oa ground, ebontd therefore 

becouvefcd to pToperij-conBtrncted ohambers, and quickly cooled, or 

if it be ilesired to preserve it for some time, it should be dried at a 

low bent The amount of damaged floor thrown into tbe market is 

fanmense. Large qnonlities of it are due to cftrelesa and imperfect 

EMOling, by which chemical cbangea are commenced, whioh time con- 

Sometimoa, to separate the bran most perfectly and procure 

Ftfie whitest floor, the miller moistens the grain previously to grinding; 

it if snob flour is packed in barrels or sncks without artificial drying, 

I U rapidly moulds and bouts. From these considerations, we infer 

L the dosirableness of procuring flour fur household ose, freshly ground, 

i freqncDtly from the mill, where that is practicable. 

445. Firiu. — A wLeatcn preparation under this name has come 

BiMOently into general nso, the same formerly known as 'pearled 

Vheat.' It consists of the inner portion of the kernel of the finest 

^Vheat, freed from bran and crushed into grains, {graauUtted,) the fine 

1 Ipary dust and smaller particles being all removed. In cooking, it 

I Asorbs mncfa water or milk, and forms an easily -digestible prepara- 

B, readily permeable by the Jnicea of the stomach. In consequence 

t eontaining nitrogenous matter, it ia greatly saperior in nutritive 

r to cornstarch, arrowroot, tnpjoca, as a diet fc>r invalids and 

ren (740). Prof. J. 0. Booth of Philadelphia, analysed Hocker's 

(Xirina with tbo following reeolls: Starch 604, nitrogenons matter 

I, gum a-9, sogar 841, bran fl], water B-9. Professor Booth re- 

^aarks: " The analysis is sufficient to show the esoeUent qnalities of 

I tiie farina, whether as a umpla diet for invalids, or as an excellent 

f (bod for tbe healthy." 

44fl. What BlMralialtt la WlKat.— When wheat is bnmcd, there 
F li left about 2 per cent, of ash, which consists of various mineral in- 
Lgndients. An average of 82 of the most recent and reliable anolyees 
I ^ves the leading constitoeats, as follows: Phosphorio acid 40 per 
LMnt., (nearly half ila weight,) potash 29-07, soda 3-80, magnesia 8-80, 
diphurio acid -33, oxide of iron -70, and common sole -OS. rho«- 
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conaldcrable silica. Tbe prescnH 
from acuidenta], aa was furtnerlyr 
of their important oaos in tbi 
logical effects of fowl (000). 

447. Prapcrtifs ind CmphII1h| 
whe&tin breod-iDukiDg and nutritil 
portion of bran than wheat, jieldil 
darker color. It contoina 
tbe Bweet taste which is pooiilia: 
aromatic and alightlj ociduioi: 
palate. The bran should not^ ther 
the Soar; for if the grain be groandl 
husk, the broad will be deprived of n 
gluten of rye flour, although sufficient 
ii less tougli and fibroas than that of 
erl; a kind of casein (424), or 'sol 
ie washed with water, instead of reo 
mass, its gluten diffoses itself througl 
Btat«d to be loss rich ia the nutritiv 
wheat. It hns not been so thoronghl 
onalfges that have been made wou! 
little, if at all, inferior to it in nntriti' 
©d from the grain of rye 24 per p«n 
I Hparated by drying 17 per cent, of n. 
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and obtained an average of 14 per cenL of water, and 18*70 per cent. 
DitrogcDOas oompuQDds. 

iAB. UdUi C«ni w adze. — ^Thu grain ia diatingnifihed chemioull}' bj 
contiuuiDg a larger proportioD of oily or fatty matter than any other. 
It u qaitil rich in nitrogenous constitaenU, thongh less so than wbeaL 
Itf) iiooulior protein element takes the mune of lein (from zea maiie, 
the botanic name of Indian oorn) ; it is not of a glutinous, adbeeive 
nalnre^ and hence ra«ze floor or meal will not make a dough, or fer- 
mented bread. It is prepared in several forms. Its composition ii 
given as follows: 



DsxtrlnDrfnni.., 
TiHrButuir 



KitrogeDoai nntMn S-SOS 

Stanb, deRilD, ncu N'OSB 

FitirmMut ttao 

Ucnln and colariDg auttac IMS 

MlMnl 1-Ut 

WUm.. txtn 



HoBsronn obtained 18-66 of nitrogenona matter from tjiolze raeAl, and 
14'G6 (rom maize grain. Samp is Indituf c«m diveatod of its outdds 
skin or bran, and of its germioa] eye, the grun being left whole or 
nearly so. In hominy each grain is broken np into a namber of small- 
er pieces. The meal of Indian corn, in consequence of its ezc«Ba of 
oily matter, attracla ranch oi^en from the air, and is bonce very 
prone to change, and does not keep well. This is the serioos drow- 
baek of this most valuable grain ; though cheap, nutritive and health- 
fill, it is difflcnlt to transport and preserve its meal, especially in warm 
seasons or alimates. 

449. OttSi — This grun is not employed to any oonsiderablo extent 
as an article of diet for man, in this country. The oat Tories greatly 
in weight, ranging from 30 to 40 lbs. per boaheL In grinding, 30 lbs. 
give 10 of meal and 14 of husk, while a bushel weighing 40 lbs. yields 
28 lbs. 6 oz. of meal and IS lbs. 10 ok. of husk — the largest proportjon 
of bran yielded by any grain, yet diOerent varieties give differont n- 
snita. Oat flour etaoda before all other grains in point of nntritive or 
tlcsh-produdng power, bein? first in its proportion of the nitrogen- 
ous element. It is also distingniohed by its large qnantjty of fat or 
oil, ranging in this particular next to Indian corn. The following 
table gives the result of on analyais of French oats, by BorrssisoArLT, 
and the average of four samples of Scotch oats, by Pro£ Nobtos. 
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Kobion'b analysia, the moat accnrute wo liavo, tliua gives 19-56 pa 
cent of nilrogcDons compouodB. Agflio, fruia nine samptea of drj 
oals ne obtAined 1G'9C per cent, of protein compounds, the specimeiiB 
rsDgin^ from 14 to 22 per cent. Prof. Horsfobd obtiuaed from three 
samples dn averogo of I2'63 per cent, water, and IG'59 protein cod- 
Htitttents. From the dried grtiin Le got 215 por cent, of these com- 
pounds, if oatmeal be mixed with wat«r, it does Dot form a davgh 
like wheat flotir, and if it be washed n])ou a Bicve, near); the whole 
will bo carried throagh, only the coarse parts of the meal remainiiig 
behind. The ^ief portion of (he nitrogenized inatter of the oat re- 
sembles casein mt>re than gloten, and has received the name of araim 
(from arena-, the oat). Oatmeal, tlie gronnd and siAod flour of the 
grain, is not so whil« as whealen floor, and has a somewhat bitterish 
taste. Under the husk of the oat there is n thin cuticle or integn* 
ment, smronnding the central part, which is ground np >vilh the meal, 
and not being sifted out, gives it a rough and harsh taste, and althongh 
the oatmeal gruel be strained, still a quantity of tlio sharp fragments 
of cuticle escape through the straiuor. Qrit*. or groats, are oats in 
which the outer husk and cutido are ground off and removed, so that 
grit groel is 'smoother,' as it is termed. It is chiefly mBde'ii'-'fr 
oakea, porridge, and gruel. 

460. Birlty. — ^The composition of barley is represented as follows: 
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Elinor's analysia represents it' as containing 4'e2 of gnm and 6*21 of 
angar. Its hosk or bran forms from 10 to 18 per cent of iia weight. 
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The oomposition of barley has not boon very carafullj exnmiiioi]. It 
b report«d to oontain ft goud ebare'of nitrogeaous matter, but of what 
nature is ticit known. It is defitsiont in true glnteo and behaves like 
oatmcAl wben washed with water. When stripped of ita liiisk or 
ODter skin by a niU, it is called hulled or pot-harUg, and ia lued fur 
making brutb. After aoonsiderable portioa more of the kernel La8 been 
gruond off, tlio ronoded and polished grains are known us pearl-barley, 
451. Riee is remarkable for being rieheat in ilareh and most de- 
ficient in oil of all the cnltivated groins. Its llcsb -producing elements 
ore lov. much lover than wheat or Indian c«ri), and lesi tbnn half 
tbat of oata. Analjsie gives tbe following roialtB: 
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Prof. JoHHSTOS foand five varieties to oonbuu on average of 18'4 per 
eeoL of water and bat -41, tbat ia leas than half of one per cent, of 
ash. Mr. TIoBsvosD Reparated from some rioo 13'14 per cent, of water, 
and 6-S7 per cent of nitrogenous matter in Ite ordinary state, and T.4 
per cent, in ita dry state. It is nsnally preauulad to us in market 
bulled, or freed from its hosk, and is asod wbole, being bnt rarely 
ground into flour. 

4S3. Batkwkeit. — The eomposition of this grain has not been satis- 
foctoKly clncidated; there remains oonsiderahlo discrepanoy in the 
resulta of its onoly^ Zeshboe foimd tbat in the dry state it con- 
sisted of — 

Hoii M4 

aiin>ii,*a IM 

BUnA m 

Bscu UHl gam SQ 

rutrnMUi M 

The glutei) is here sapposed to be cMlmated too high. HoBaroxs ob- 
tained troDi bnckwlieat floor in the natur&I state (that Is, not dried) ; 

SUrsb B'OB 

PnMa («t 

B>— !•«( amino lu 8e«4*. 

4G8. OMipMtlM ef Vtu. — Seeds obtained from pods am CAlled 

t'VUfnintftu. Of this doss we are only coDcemod with pem and 
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The peas and beans in this HoalTsis were dried at 212°, and loet aa 
svcre^ of 15,63 per coot, of laoLsture. 

4fiS. Boiw-prididif ■aterUI In Peu ud Beug, — By refcroace to the 
preoeding annl^'tical results, It will be seen that the ash, or uinerol 
eoDstitueDta of peas and benns, from which the earthy part of bones 
U derived, is considerable, but larger in beans than in peaa. 
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466. Tbrtr Gweral CMipttlUM. — Althongb fruita are cxlenBirely 

Used as artide* of diet, jel lu Btajilo nooroM of nutrition they bear no 

MtnpariHin to tlie grains. They consist of pulpy tnasaea, which are 

arly alt water, and are priied far more for those properties which 

lat« them to the buCa than for hoari^hiog or strengthening power, 

«y genorall)' oon^t of from 75 to 96 per cent, water, from 1 to 10 

SO per cent, froit sngnr, organic odds in variable proportions (414) 

fa oombination chiefly with lime and potaah, pectine, or the jeUy- 

neing prinoiplei ligneous akins and cores, with pccnUur arouiBtie 

l*d ooloring principles of infinite shades of diverdty. The unripe 

4iiits iTontain a larger |)ri>|>nrtion of water, and ncld, a^d ■ ti;^ pmonnt 

4f angar than the natwal fmlts. As they oontuiu so great u pmiiortiuu 

'«f wat«r]rJaioes, they are very prone to change, and thus exhibit little 

constancy of oompositiun. From thia circmnstoncA, and the numlier- 

varietiee of fruits thai are eatalogned, and also from tlie fact that 

tompiirntively little attention has been given to this branoh of organlo 

obeinixtry, our knowledge of the exact coiQpuitiUun of tnaU is very 

ipcrfeot. 

In tt lipkb— Every one will Dudemand that tbo 
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Tarions BOrta of apples diflVr moch in composilion, yet in an areragfl 
condition 100 Iba. of fresh apples oontmn about 8-2 lbs. of fibre, O'S 
lbs. of gluten, fat, and wax, O'lG of casein, 1'4 of albumen, 8'1 of 
dextrine, 8 8 of sogar, 0-8 of malio aoid, 82-66 of water. Besides tho 
above mentioned bodies, the apple contains a small qnaniitj of tannic 
and galUo add — moat in the risseta. To these aoida apples owe their 
astringency of taste, and the blackening iron or steel inBtmnienta nsed 
to ont them. The following is the proportion of water and dry njatter 
in Beveral varieties of apples, acoording to Saj.lsbuex'b 
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The percentage of ash in the apple is sroal), yet it is rich in phoRphorie 
and sulphnric adds, potjish, and soda. The proportions of water fmd i 
dry matter have olao been determined in the following substances : 



WM 



The dry matter of melons eon tains quit« a large percentage of albumen, 
casein, sugar, and dextrin, with a small quantity of acid. 

D.— Lea-res, l.ca.^8lBlk*, &c. I 

468, Many kinds of loaves nbonnd in principles adapted for alumH^ 
nutrition, as is shown by the extent to which CAttJo are grown, 9C»-^ 
tained and fattened upon the grasses. Man makes use of leaves in his 
diet to but a limited extent. Professor Johnston remarks, "leaves 
are generally rich in gluten ; many of them, however, oonlMn other 
enbataoceB in unnller ijuantity associated with the ginten, which are 
nnplcasant to the taste, or act iDjnriooBly upon tha gotierol health, and 
therefore render ihem unfit for human food. Dried tea-leave^ fur 
example, contain about 25 per cent, of gloten ; and therefore if tliey 
oonld be eaten with relish and digested readily, they would prove aa 
atrengthening a^beans or peoa." 

469. The CaWMge. — The same authority says cif this regetable : " U 
is especially natriUons. Ttie dried leaf contains, according to "my 
analysia, f>om thirty to thirty-five per cent, of gluten ; and is in this 
reapoot, therefore, more nutritions than any other vegetable food 
which is oonsamed to a large extent by men and animals. 1 know, 
indeeii, of only two exceptions, — the muahroom, which in its dry mat- 
ter contains sometimes as much as 66 per cent, of gluten, ond the 
dried caoliflower in which the glni«n rises, as high aa 64 per oeot." 



IAATB8, LXAF«CU£8, BOOTB, ETC. 

The cabbage and canliflower loao in drying more tbau 90 per ceut. of 
water; and tlie dried residae, occordiug to Pebbisa, ia remarkably 
rich in sulphur as well as nitrogcD. The plant decay's qaickly, and 
gives out a strong odor of pati^action, owing to its nitrogenous aod 
inlphimniB componnds. Decayed cabbage loaviM ahould therefore 
not l» allowed to remain in cellars, or lie abont in the vicinity of 
dwelliags. 

400. Lcitate Leans are niach used at table as a salad. The yonng 
leaves contuin a blnnd, cooling Juice ; hut aa the plant advances, its 
milk; juice bucomes bitter, and is fonjid to contain opium. In Ihia 
Mage it hoa n slight tendency to promote sleep. The tcaftr-crEm, leaves 
flf ithite mustard and of eommon ereti, probably owe their pnugency 
to a minnte ponios of aitlpharized volatile oil, onalogons to that found 
Id hoTHraduA, Ttie stnllfs of many kinds of leaves, as ipiiuKh, 
tttmip-topt, pota/o-C<>p«, eowiUp; &e,, are used as greens, but tbeir 
J)ecDliar characters have not been ascertained. The stalks of rAui^ar6, 
nsed for pics, puddings, &.a., like apples and gooseberries, oonttun 
much malio and ozalio acid in combination with lime and potash. 
The pro{wrtion of water, dry matter, and ash, in the rhubarb stalk, 
eeleiy, and vegetable oyster, is as follows : 



Half the dry matter consiBla of molio, tartaric, and oialio ncids, witli 
fibre, sngur, albumoD, and casein. 

El— novMt Ttahfiitj Bulbs and Skaou. 

461. Coapttiltlon «f Pataloes— Wittr.— This U the most widely cullj- 
valed and important Cir dietctical purposes of all the root tribe, and 
!>■■ been more carefully examined than any otlier. like fruits and 
leavos its lending constituent is water, which composes about three- 
quKTlers of jta weight Tonng, unripe potatoes contain more water 
lliiiii those fully grotm, and it has been foond that the ' ruse ' end of 
the potato, or that part from which the young shoots spring, contains 
more water than the * heel ' Or port by which it is attached to the 
rootlet. E6BTB examined S9 varieties of polsto and found them to 
«ontain 75 per cent of water and 25 of soUd matter. Profesor 
Soussios gatliered from ST analyses mode in his bhorntory tlie fol- 
lowing rosulCo. Greatest proportion of water in young potalo««^ 63 
per cent. ; largest proportion in full grown potatoes, 68'0 per oeuL 
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Ho gives the mean of Bl detenninationa npon potatoes of aU ages—at 
water 10 per cent, dry matter 24. 

462. SUrck la Patalao.— A large part of the solid matter in potatum 
consists of starch. Johnston statos as the resalta of nmneroos expe- 
riments, tliat the proportion is in the natural state 64'30 per cent, 
SniiKNS sscertuned the proportion of starch in 66 varieties to range 
between 10'25 and 11*16 per ceot. ; tlio average being 16'98. These 
proportions, however, varj with the kind of potato, soil, season, 
and other oircuuuttauces. The heel end osaallj contains more starch 
than the rose end. The weight of potatoes and their proportion o 
starch diminiahes by keeping. Pa.TKS fonnd the same rariety tt 
of starch ia 

Oatober lT-1 parooDt. Fsbmrni? j.... 1S4 pnM 

UsTambGT I IS-B - lltieb U 

l>»MOib«r 1B< " Aprtl M 

JUIDU7.. I{^ 

Other ezperimeuts would seem to show that there is rather an ti 
after digging ; but all examinations agree, that as vegetation 
active in the Bpring, the buds begin to grow at the expense of the 
starch contwned in the tabor, and hence at this season potatoes are 
loss raeaJj, and not so much esteemed for table ose. 

403. FlesHinidatlBg MBsUtanb at PstalMs. — The potato oontsios a 
considerable proportion of nitrogenous matter in the threefold form 
of albumen, casein, and gluten, as it exists !□ the grains. The; exist 
dissolved in its juices. There is more of the casein than of the other 
elements. Johkbtox gives the average of these constituents at l-4th 
per cent, in the natural state, and 6-8Lh per cent, when freed from 
water. But he acknowledges his mode of separating them to be liable 
to error, so that the figures are probably too low. nofisroBD, by a 
more accurate method, found the percentage ctT these compctmda 
In the dry matter of potatoes to be — in white potatoes 9'9S per 
cent, in blue 7'6S per cent. He found also that not only is the pro- 
portion different in different varieUea, but that it is greater in yonng 
potatoes than in old; and Boir8siKOAiji.T also fonnd the proportion of 
the protein compounds to diminish the longer the potato ia kept. 

464. Woadj Hbrc, Bigar, Gbb. — The proportion of fibre in the 
potato varies from IJ to 10 per cent., and may be eaiA to average 
abont 3. TLo fatty matter is also variable, but may be stated at abont 
I per cent. Sugar in the natural state nbout 3-3, gam O'GQ, or in tha ^_ 
dry condition, sugar 13-47, gum 2-2B. ^^H 

40Q. Average CoHpMlUoa of Solid or Drj flatter of PoUto.— This I^H 
up by Professor Johdbtok in ronnd nombers as followa: -^^H 




THB POTATO AND ONIOS. 




Tlio drj potato, therefore, is about eqaal in nutritive valao to rice, aiid 
li not far behind the avornge of onr finer varietiea of wbcatcn flour. 
Ho juice of potatoes is acid; it was fonneriy eapposed to contain 
dtria acid, but it is now ascertained to be dae to malio acid, and pei^ 
h>p8 the anlphnrio and pliosphorio fonnd in the ash. Polatues also 
•Ontain a amall portion of asparagln, the peculiar principle of asparagus 
Wheu potatoes are fre«d from their large excess of water, bo as to 
briiJg them into jnst comparison with the groins in composition, they 
•e found to contain quite a large percentage of mincrol matter left oa 
h — the srerngo of six dettrminationB giving 80a per cent. The 
OonstilaenU of these .«i samples give an average as follows : 



FtniUg at Iran . . . 
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Tho carbonic aolJ, which was from to 12 per cent., was deducted. 
The mineral matter of the potato seems to be (has distinguished tram 
tiiat of the grains b; its large proportion of potash, saljibario acid, 
I salt, and ita lesser quantity of phosplvorio aoid and mag- 
nesia. 

4S6.,n«0ilH.— This bnlbona root aboonds In nitrogennus matter; 
iiCQ dried, it hag been found to yield tVom 25 to 80 per cent. It 
Is therefore highly nutritive. It contains a strong-smolling sulphor- 
Ued oil, tho same that gives its powerful odor to the gotiio. The con- 
atituenU of tbo onion ore thos stated by Pebbuu : 
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487. Beets. — Tlie varieties of beeU of ooorw differ in composition, 
knt Uicy all contain mack sugar. Their nutritive qualities are not 
well determined. Beetroot ia represented aa cont^oing Bl per ci 



of w«ler, 10-20 of sugar, sod 3-03 of nUrggeoovs matter. In tba long 
bluod-bect there is SU-O!) percent, of irster, and ItMK) of diymMta, 
46S. Tn■lr^ Curab, Pwalr*. — ChauisbT hat liHlwrto caK bat 
an anoertaia ligbt Dpoo tbeconipo^ijonof this classof BobetanMk It 
appears from Ihe btist dctermiiuLtioiis, thai the proportioa of solid ma^ 
t«r in seTeral rooU is »s ttAluwt : 
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The irj mbetanco of tbcoe roofs is nio^Viirer than Ibat oTthepotai 
to, which ranges at S5 por ceat. Yet the fl^h-fornitiig coDstltaeoU 
of dried tnniips nmch exceed those of vhe potato, as the Mlowiug wwa- 
parisoa shows. 

Tbe ijrifd paUU B fmtttat. 

TtQow tarolp 9t io. 

Uui(<d-m»l 13^ te, 

T}ie □iCrogeDoDs matter of dried mangel-wurxel being nearlj twicQ 
a.-- pr'.-Bt as in thn dried polato. In the carrot the proportion of -walw 
is 85-7S, and dr; matter 14-23, According to Cbomx, the parso^ 

cont^DS — 

SUnh '. 1* 

Albamen W 



Film B-1 

T«lw TM 

Tolil MM* 

4. CouFomm Aumxsts — AimiAL Foon. 
A.— Comtltaenta •! neat. 

46S. — y aiioos parts of animal bodies contribata materials fi>r £ot; 
tlie flesh and fat chieflj, hot nearly tdl otlier portions, blood, intwtiiH^ 
membranes, bonefi, and skin, more or less. The staple constitnenta 
of animal food are fibrin, albomen, gelatin, fat, ^ta, and vater, and 
in the case of milk, casein and sagar, 

470. CeaperiUM tf Bw h 'M tat , This is general]? understood to sl«- 
nif? the muscular or lean parts of cattle, sorronnded bj fat, and con- 
taining more or less bone. The moscles con«st of fibrin ; they are 
separated into bundles hj membranes^ and into larger separate mamw 
hr oellnlar tisnes, in wluch &t fa depodted. The flesh? masa b pen» 
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trated by a network of blood-veaselia and nenea, and the whole u di»> 
tetiiled hy water, whicb composes about three-fourths of tlie weight 
of the meat. The corapiialtion of the miisoulftr flesh of different ani- ' 
leak, according to Hr. IIbanve, is as follows: 



dme results give an average of vorj noHrly T5 per cent, water, 
tmun aaeumes it it 74, with 20 per ccnL of dry matter. The ratio of 
Vater in meat, fowl, and fish, is quite uniform, rnnging from TO to SO 
nt., but the proportion of the other ooastitQciita, muscular fibre, 
flu, aod bone, oxhibils the widest po^ble diversity. In some nniimUs, 
more cspecittUy wild ones, as deer, dtc, there may be banllj a traoo 
of oily matter, while swine are often fed until the animal becomes one 
aorbid and unwieldy roass of fat. The pure muMulur flesh of ordi- 
nary meat, witli all ila vinble fkt separated, is aasumed by KskFV and 
Ijibio to contain still about 8 per cent, of fat. In beef and mutton, 
toch as is met with in onr morkeU, fi'om a Uiinl to a fonrth of the 
vhole dead weight generally consists of fat.— {JnsssroN.) 

471. Jtk» 9t fink. — The true color of the filirin of moat ia white, 
yet flesh is most comroonlj of a reddiah color (flesh-color). This b duo 
certain portion of the coloring matter of the blood, by which it is 
itniiicM]. Yet the liquid of meat U not blood; when that has been 
Vitljdrswn from tiio BnimiU, and the blood-vessels nre empty, there 
nmains difihsed through the muscular mass a peculiar liquid, known 
I tike juice of flesh. It conststsof the water of Scah,contwmng about 
pw cent, of disaolvad substances, one-half of which is albumen, and 
le other half is cAmpoeed of several compounds, not yet eiomined. 
Tbejuioe of flesh may be separated by finely mincing the meat, soak- 
ing it in water, and pressing il. Tlie solid re.4ldiie wliieli remains after 
■U the soluble matter hna been thus removed, is tosteloss, inodorous, 
nd w)ut« like fish. The separated juice is uniformly and strongly 
id, from the presence of lactic and pho&hporio acids, hence it ia in 
a opposite Btat« to that of the blood, which is invariably alkaline. 
The juice of flesh oontains tlia savory principle* which give tnste to 
meat, and whicli cause it to differ in different animals. It also con- 
Una two remarkable substancea, colled irealine tad krgaltnine, nitro- 
I componuds^ which may be eryatalliied. The iioontit; 
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Is varisble in different kinds of flcsb, bat {□ all U «itreme]j amaH 
Ereatine is a aentral or iodiffereDt snbetance, wlijle kretttimoe is a 
'powerful organic base, of a similar nature with theine oud cafeioeof tea 
and coffee. 

4TS. Blood, Boats, ud Inbratl Orgus. — The leading constitaents of 
blood are Uio same us fleeh ; it oontains onlj some throe per c«nt. more 
of water. Its oitrogonons matter, however, is chieflj liquid albn- 
meD. Blood has been called liquid flesh, and flesh soUdilied blood. 
About half the weight of bones is mineral matter, lime combined 
with phoBphorio acid, forming phosphate of lime — the sabstance that 
we bsTe seen to abound so greatly in the ash of grmna. The other 
half of bones is gelatin, the thickening principle of soups (glae). It 
is sometimes partially extraot«d for this puriwse by boiliug. Marrete 
Ib a &tty substance, enclosed in very fine cellalar tissue within ibe 
bone. Skis, cartilage, and membrane, yield much gelatin, Thb 
toagve and htarl are musoular organs, agreeing in dietotical proper- 
liea with leaft flesh. Bbacconnot's analyois of the liter gives 68 per 
cent, of water, and 2G of nitrogenous matter; it also cont^os oiL 
The brain h a nervous moos, containing 80 per cent, water, some al- 
bumen, and much of a pecnliiir phosphoric oily acid. The »tomaeh» 
of ruminating animals wbicli yield tripe^ are prlnclpallj composed of 
fibrin, albamen, and water. 

473. OtHpwIUn of Egp. — ^Tlie eggshell is a compound of lime, not 
the phosphate as eiials in ■ bones, but chiefly carbonate of lime. It is 
poroDB, so as to admit of air for the wants of the yonng unimftl in 
hatching, and usnally weighs about ono-t«Dtb of the entire egg. Tbe 
white of egg consists of water conljiining ]5 or 20 per cent, of albumen. 
The yolk is water and albumen, but contains, also, a large proportion 
(two-thirds of tlie dried yolk) of a bright yellow oil, containing sulphur 
and pbosi>horio compounds. A common-siscd hen's-egg weighs about 
a thousand grains, of which the thell weighs 100, tbe tehiU 600, KdA 

tbfl yolk 800. The ooniposition of its contents is: ^^^1 

Vat«r ''^^^H 

AlbDBKB UJ^^^I 

F.t U^H 

AahCMlto) _^!^^H 

Toul ^""^^I 

B.— ProdacUon aa* CsmpoBldMi ol KUIIc. ^^^H 

474. Wbat II CMtalns, — This familiar liquid condsts of oil or batter, 
tngar, casein or the cheesy prineiple, and salts, with « lorge proportion 
of water. The sngnr, casein, a^id salts ore dissolved in the water, 

_J 
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V&ile the bntter is not, bnt exista iliEfused through the liquid in the 
form of nnmberk'98 eitremolj ininnt« globules. They cannot bo soeii 
by the naked eye. Wlien the light falls npon them they diffuse it in 
all directions, m that the mass appear opaque and white. Viewed 
bj a microflcope, the globules appear floating in a tronspareiit liquid. 
In respect of its sagar, casein, and salts, milk is a tolutwn; but with 
reference to its oil; part, it ia an emuUion. It is heavier than water 
in tlie proportion of about 103 to 100, although it diffbrs considerably 
in specific gravity. When first drawn it is slightly alkaline and has a 
■weetish taste, which is due to the sugar of milk. 

475. Prapartltn af lU Qnunla.— This is variable. It generally con- 
taons about 86 jter cent, water, 4 to 7 of casein, 3'B to 5'6 of butler, 
6-5 of sugar of milk and salts. The following are analyses 
tj Hemst and Obktauib: 



Tin following nre HiDixra's resnHs: — The second colnmn is tho 
srertge of two atialyseB. 



Bnltar 

Bngir of mlLk inil ultl aoliil 
OkHln anit iBMlublB Hlti. .. 
W«l"r 



470. CImwtucMlBlDnflBgtbaltBalltTafMIDL — Both the quantity 
■nd quality of milk arc influenced by various conditions apper- 
Ikining to the animal. Its food exerts a powerful control iu tliis 
tnpect. Green succulent food is more favorable to the production of 
than dry, and R. D. Tboksos'b eiperiroents go to show that at 
iflry food, thu rlchMt in nitri^nout matter bent promotes the milk 
aecretion. Plattjlib was led, by hia brief experiments, to conclude 
tliat food low in nitrogenous roattors (as potatoes) yielded a large 
quantity of milk which was ridi in batt«r, and that quiet {itall feed- 
ins) baJ Iho same effect, whilst eowa grnxing in the open ur upon 
poor pasture, and consequently obliged U) take maob exercise, yiulded 

IB frofn IS lo 10 jHH nf mo, lOBltlM msn lolld sihuUIiuioU 
\ bull iibo ^TS ■ rieher mUk tbu 
~ iirMM Mu-tbortti, and tli« DunL , 

M tb* pnportlon Of nllM matlat 
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milk rich in caseio. It appenred from Tnoiisos'a obserrations, t^^^| 
tlie produce or milk of a cow, with uni/brm dial, gradaaUj dimioislMB^^I 
awl increaaed agMB by a change of diot It ibwoU kauwa that a oo^^^l 
fed Qpon one pasture ivill yield more cheese, while upon another it 
will give more batter. lleDce the practice in datrf districts of al- 
lowing the animal to roam over a wide cxteut of posture to seek out 
for it«elf the kind of herbage uecessarj to the production of the riched 
milk; bonce, alao, the propriety of adding artificial food t« that de- 
rived from grazing. Flantd and weeds fotmd scattered in many 
jiastures are apt to affect, injnrionsiy, the quality and taste of the milk^^^ 
Butter is especially liable to be deteriorated in tills way. An obaerr^^H 
lug dairy-manager remarks as folluws : " If a cow be fed on mta-bog^^^l 
her butter and milk partake of that flavor. If she feeds on pastat^^^f 
where leeka, gorlicks, and wild onions grow, there will be a still mor?^^^ 
offinsive flavor. If she feeds in poaturea where she can get a bite of 
brier loaves, beech or apple-tree leaves, or any thing of the kind, it 

injuriously affects the flavor of the butler though not to the aame 

extent, and wonld scarcely be perceptible for immediate use. S(j^^| 
with red olover. Butter made from oiiWb fed on red clover is CA^^^| 
when first made, but when laid down in packages, six months or 4^^| 
year, it seems to have lost all its flavor, and generally beboraos mijTti^^^ 
or less rancid as the clover on which the cow fed was of rank and 
rapid growth." — (A. B. Diokinsos.) 

477. DUlun fnm the tine «f taltlng. — The eoloiirum, or first milk 
which the cow gives for several days otter the birth of her yomig, 
difiers from normal mHk. GssoOBT states that it contains &om 10 to 
25 per cent, of albumen, with less casein, butter, and Bugar of milk 
A much larger quantity of milk is yielded in the first two moDtl^^^_ 
after calving, than at the snbseqDeot periods i the decrease is stata^^H 
IS follows, according to Aytos : ^^^H 

fliitMdsTi 2» or 111 ^ two ^^M 

BscoDd - M - " 1009 

TMrt " M •■ " TOO 

Fnnrth " S ■■ " *00 

Fifth - e " " *» 

giith " * ■■ " SW 

Tid lit the end often months, they become neariy or altogether dry. 
'4T@. T[MCofye«r,kgeuidc«idIlloiafUieantn^—Ju spring, milk is 
finest and most abundant. Moist and temperate climates and Beason^^^— 
< ore favorable to its production. In dry seasons the quantity is l**^^H 
but the quality is richer. Spbenobl states that coot weather funi^^^H 
the production of cheese ond sngar in the milk, while hot weati|^^^H 



PEiJlUCTION AND COKPOaiTION OP MILK. 



( tbe produet of botter. Tbe [looror tlie npparent condi- 
tiuQ of tho oow, good food being ^ven, tbe riober, ia general, is Uia 
milk ; but it booomcs wuaibly poorer when sbe aliovrs (i teudencj to 
fiitt«n. A Btat« of coropnraUve repose is favornblo to itU the impor- 
tant fuDctioDB of a heoltbf animal. An; thing wliick frot«, distarbs, 
torments, or renders her aneas}-, olTects these fuuctioos, nnd amoug 
other resolls, lessens tbe quantity, or obanges the quality of Uie milk. 
Such is observed to be the case when the oow lias been newly do- 
priTed of ber calf— when she is taken trom her oonipanions in the 
Bture-field — when her nsual place in tbe cow-bonse is changed — 
irhen she is kept long in the stall oiler spring has arrived — when she 
b knntod in the field, or tormented by insects, or when any other 
'Olroumstance occurs by wbicb irritation or reatlessncss is caused, 
pr of a temponiry or of a pennanent character. — (JonsaroB.) 

479. Pndutloa aid C«ap«lUei *t Ctfm, — Wo have, stated that 
butter exiHte lu milk, as a fatty emalsion ; that is, not dissolved, but 
touting as cxcocdiogly miunte globnlfls throughout tbe watery n 
Jheao butter globule:) are lighter than water, and hence, when the 

k is sufEbrod to stand undistnrbed, they slowly rise to tlie snr- 
e, forming eream. The oil-globoies of oroam do not coalesce or 
1 tugetfaor, they are always »eparated from each other, and snr- 
noudud by tbe soluble ingredients of milk ; while at the same tim^ 
Ibv body nf the milk never boco-nes perfectly cloar by tlie coraplcto 
M]>Bratiuii of these globules. Ilenoc^ cream may bo viewed us mitk 
Md' in bnttor, uud skimmed milk as containing little butter. It is 
seil by some, tliat tlie butter partiotea are in some way invested 
Orenclusad witli easuin; at all events, a ((uantity of ulieviiy matter 
le with the oil-globules. Its proportion in cream dcp«nds upon the 
VfaibueEs of tfic milk, nnd upon the temperaturo at which it b kept 
lAiriiig the riung of tlie cream. In cool weather, tlie fatty matter will 
Mug up with it a Inrgcr c]uantity of tlio curd, and form a thicker cream. 

480. CMdlUeu ef the FtrMiUM ef Creia.— The globules of butter 
being cttroniely minute, and but slightly ligbtur than ihu surronnd- 
tttg iiiiuid, whieK is at tliu some time somewhat viscid or thiui, tliuy 
«f course ascend but slowly to the sorfiicc. llie larger globules of 
totter, which rise with greater case, moant firxt to tbe surface. If 

<r of cream, connstiug of those hirgost part4eles, be taken 
ff after S or 13 hours, it affords a richer, freelier, and niuro polatabl* 
baitor than If collL-ctcd oilur 24 or 30 tiours standing. Milk is, there- 
lbr«, BiitiictiDies skimmed twioe, and lunde to yield two qualities of but- 
Iba deeper Uie milk, the greater the difficulty with whidi Iha 



I 




oily loatter ascenda IhrouBh it ; hence, it is cnatomarj to wt the milk 
aside in sliullow pans, bo that it may not be more than two or three 
incbea ill depth ; hdtce, if it iadcsired to preventthe formation of crewn, 
the milk shotdd be kept in deep Tessels. TfempwoturepowerfuUy in- 
fluenoea the formation of cream, or the rapiditj with which it rises. 
Hent, bj increasing the thinness and limpidity of the liqnid, and the 
lightness of the oil-giohnlea, favors tbeir ready ascent ; while cold, by 
thickening the llqnid, aad solidifying the oil, greatly retards their sepa- 
ration. EenPO it is said, that from the same milk an eqaal qnantity of 
cream may be extracted, in a much shorter time during warm than di 
ing oold weather ; that, for example, tollk may be perfectly a 
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while at a temperatnre of 84° to 87" (two to five degrees above 6 
ing), milk may be kept for three weeks, without throwing up a 
notable quantity of cream. — (SpassoEL.) 

481. HUk Creams kelbrt It Is taken fnui the Cow.— This t 
tendency of milk to eeporate itself mechanically into two sorts or 
qualities, eiptuins the remarkable difference in the richness of milk 
withdrawn at different stages of the milking process. The glands in 
the teats of the animals, which secrete the milk, are vessels interlaced 
with each other in aach a way as to form hollow spaces or reservoirs 
which distend as the milk is secreted. In these reservoirs the same 
thing takes place as occnrs in an open vessel, and with Still more 
focihty as the temperature is up to blood heat (99°) — the rich creamy 
portion rises above, while the poorer milk falls below. Hence that 
whidi is fimt drawn is of an inferior qnality, while that which is lost 
drawn, the itrippin^i or nfierins", abounds in cream. Professor Air- 
DSBBOK states, that compared with the first milk the some measnre of 
the last will give a^ least eight, and often sixteen times as much cream. 
The later experiments of RsidET show, that where the milkings are 11 
or 12 honra apart, the quantity of butter in the last drawn milk is 
from throe to twelve times greater than that obtained from the first 
drawn milk. Whero the milkings were more often, the differenco 
become less. As milk before being taken from the cow is already 
partially separated — its richer from its poorer' parts — the dairy man- 
ager should take advantage of this circumstance, and not commingle 
IB the some vessel the already half-creamed milk, if the object is tho 
•qwration of batt«r. It haa been shown that more cream is obtained 
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g the milk in eeporalo {KirtioDS as it is drnwD, and Belting 
1 to throw up their crcAta in separate veEsela, tlian when 
the whole milking is mixed logetliur. Moreover, the iotiniate m 
of the richer and poorer portions not only reducea the 
qoiiulity of cream tltnt may bo separated, bnt mncli delays 
the operutiou which, in hut weuthcr, when milk soon 
Ronrs, is ot(jectionable. 

4Sa. DMcthIbIic the Talne of Bilk. — lis valae is propor- 
tSonnl to tlio amount of ila solii alimentary oonatitaents, 
ud is liiible to variation, according to circDma 
' Iknller is to be monulaotured from it, that u motit valuable 
which contains most oily matter ; if cheese is desired, 
tbeii that whiub oontuina most casein. Milk is heavier 

an water, and the richer it ia the heaver it u ; hence it 

« been attempted to make the latter qoality a guide 
to the former. Its weight compared vrith water, or ip#- 
9{fk gratity, is dolemined by the hydrometer (Fig. 96). 

ir gkaa cylinder ia filled with milk to be tested, and ""■ 
the hydrometer, a glass bnlb wilh a stem above, is placed "T"""*'"''- 
bi It; the lighter the milk, the deeper it sinks; the heavieir it i^ the 
Ugbcr it floats. A scale is marked npon _^ ^ 

the stem, which indicates at once how ^ 1^ 

Ar the weight of tho milk rises above 
pnro water. Tet the results of the inalra- 
( be received with caution. 
Xilks though pnroi differ naturally in 
^euifio gravity ; whiie it ia eaay to add 
:adulteraling sabatonces that shall in- 
weight, thus can«ng tho 
Iq'droiQeler to report them rieh. Tet 
■ giving an important iudiontion it bos 
nlue, and with experience and jadgment. 
Stay bo mode nsefol,* An iuatrument 
Mlk'd the lactomettr (milk measurer) 

B been used to determine the propor- 
tton of cream. It consists of b 
tale ten or twelve inahes long, marked . 

ff nnd nnmbered into & handr^ spaecs. ^ 
He tnbe b^ng filled with milk t 
(Dp space, is safiered to stand aiiiil ilie 
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CKam rises to the surface, when its per cent, prciporl'ioa is at odm 
seen. It will answer if only the upper portion of the tul)e bo marked 
as shown in Fig. BT, The percentage of cream, that is, tbe thie^nea 
of its fltratum at tbe top of the tube, varies oouaiderabty. Wo lian 
fuond the average to be 8^ per rant,, nlthongli samples are liable t« 
range much above and below this nmuber.* If the luilk haa been 
mixed, sa; with ODO-third water, tlie cream will foil to G, if with one- 
hiilf, it may fall to 5 par cent. 

483. Illieral Matter In HIIk> — The proportion nf salts in miDc 
QTeroges abont half per cent- ; that is, 200 Iba. when dried and burned 
will yield 1 lb. of nah. The coropoaitioo of this oab b shown b; tha 
analytds of IIudleik, who obtained ftom 1000 lbs. of milk 

1 t 
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in.-CDLlNABY CHANGES OP ALIMENTART SDBSTASaSSL ^| 

I. OOUHIXCIQ THE El.EUBNTS OF BbEAD. 

4S4. General Ohjfffl of Cnllnarf Irl.— Wo have seen that the ma- 
terials employed as human food consist of various organized substances 
derived from the vegetable and animal kingdoms, grains, roots, sUJks, 
leaves, flowers and fruit, with flesh, fat, milk, eggs, &c. &'. Bat few of 
those Bnbstanccs are best adapted for food in the condition in which they 
occur naturally. They are either too hard, too tongh, insipid or injnri 
ous,and require to nndergovariouacbanges before they can be properly 
digested. Most foodn, thoreforB, must bo subjected to processes of 
manufectnre or cookery before being eaten. In their colinary prep- 
aration, nnmeroos moohaniDol and chemical alterations are effect- 
ed, in varionswayB; bnt the changes are chiefly wronght by means of 
water and heat. Water softens some substances, dissolves others, some- 
times extracts injurious principles, and servos an important purpose 
in bringing mntorials into such a relation that they may act chemically 
npon each other. Heat, opplied through the medinm of water, or in va- 
rious wnjB and degrees, is the chief agent of culinary transformations. 
Another properobjectof cooking is the preparation of palatable dishes. 
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from tlie cm<]«s tasteless, or even ofieosive eiilisMucea furnished b; 
niitatv. This inmlves, not oulf the altcrulioii« prckluocd hj water eud 
Li^at, but the adiuiitiire of Tsriouj sapid and davoring iDj^redieDta, 
wliJuli iacrecuic tlie gtiTOrj qualities of food. The cereal grains, con- 
verted into Hour and meal, are to be prepared for mastiofttionv mislure 
with the saliva, and stoniaoh digeatiun. This end h hest aocompli^ed 
by convcrtiDg them into bread, while at the same time thef, assume a 
[lui'table and convenieut fonu, and are napable of being preserved for 
a coimidcralile time. Breiul is made, as is well known, by first inoor- 
puratiog water with the flonr, and inakbg it iuto dough, and then bj 
various inonns causing it to r««, that is, to e»pand into a light, spongy 
iiioBs, when, oiler being rooalded into loaves, it is finally submitted to 
the action of heat in an oven, or balced. We shall cooeider the sno- 
gT*""" Steps of this important proocai, in the order of their owurrence ; 
uad as the fionr of wheat is the staple article in this conntry for the 
^Suumfnctare of bread, it will occupy our first and principal attention. 
485. Voler absorked li naUog Mnght — ^The addition of mnch water 
^< Qoiir forms a thick liquid, called batter; luore flour admiscd smTena 
it to a sticky paste, and still more worked through it produces a firm 
dau'jh. The water thus added to floor does not remain loosely ossoci- 
Hied with it, but enters into intimate combination with its constitn- 
ents, forming a com{Kiund, and is not all evaporated or cxjielled by 
the eobeeqnent high heat of baking. In the dough, the liquid performs 
its usual ulFice of bringing the ingredients iuto that closer contact which 
li favorable to ohi-mical activity. As water is thus made to bvcome a 
pennanuDt jiart of solid bread, it is importaut to uudentand in what 
pniportiou, and nndcr what conditions, its absolution takes place. 
~kkad bread that has been removed from the oven from 2 to40hoiirai 
I, by thorough drying at 220,° from 43 to 4S per cent, of ita 
ight, or an average of 44 per cent. If we OKinme the floor to ood- 
Q natsrally 16 per cent, of water, 104 '^- "^ the 44 that waa lost 
«Ionged to the flour itself, while 33J Ibe. wore artifioiallj added in 
taking the dough. Thus— 

PTOoor U I g^ 
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n pounds of Hour woold Uina absorb S lbs. of water, and jleld 15 
1. of brood. The best flonrs absorb more water than tijose of info- 
r quality. The anioout with which they will combine is snp* 
id upon the pruportion of gluten. In dry seasons 
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Will liear more water than in wet, and a thorough process of kneading 
will also cause the dongh to absorb a larger quantity witliont becoming 
the less stiff on that account Oert^a substances added to flour ang- 
ment its property of combining with water (B21J. 

486. EBktb of me Kaeadlng Ptowh, — The purpose of water inter- 
mingled with flour ia to combioe with and hj-drate the starch, to di* 
Mlve the augar and albumen, and to moisten the minute particles of 
dry ginten, so as to cause them to cement together, and tbna bind tha 
whole into a coherent mass. Bui, as only a certain limited quantity 
of water can be employed to produce these resuJlB, it is obvious that 
it must bo carefully and thoroughly worked throughout »he flonr — this 
is Cfdled kneading the doagh, and is generally performed with the 
hands. The process is laborious, and attempts have been o^en made 
to accomplish it by machinery, but hitherto without sncccss. Floun 
differ so mnch in their dough-making properties, that judgment is re- 
quired in managing them. As the eye cannot penetrate into the inte- 
rior of the doughy mass to ascertain its oonditaon, we bsTe no guide 

1 of touch, Difforenoes of cousbtence, fori-ign sub- 
, dry lumps of flonr, are readily distinguisiied by the hand of 
, who ia also by Jeelinff able to control the gradual and 
) of water, yeoat, and flonr, better than any machine 
fnch of the excellence of bread depends apon the 
the kneading, the reasons of which will soon be 
rst the dough la very adhesiTe, tuid clings to tlio fiu- 
nes less so the longer the kneading is continued, and 
when the fist upffn being withdrawn leaves its perfect impression in 
the dongh, none of it adhering to the hand, the operation may be dia- 
oontanncd. 

487. Bread fron plain FIflir wd Vater. — ^When dough, made by 
rimply working up flonr and water, ia dried at common temperature*, 
a cake ia produced, not very hard, but which is raw, insipid, and indi- 
gestible. If baked at 212° (ordinary steam heatX a portion of the 
atorob becomes soluble, bnt the cake is dense, compact, and yerf diffi- 
cult of digestion. If baked a*: a still higher heat, and afterward anb- 
Jectod to prolonged drying, we have the common Mp-brtad or tea- 
bUeuit, which is made in thin cakes and never in large loaTea, and 
which is <rery dry, hard, and difficult to masticate, although it has on 
agreeable taste, derived from the roasting of the surface of the doogfa. 
Bread prepared in this manner lacks two essentia! cliaraeters, — sufflcieat 
Kiftnoss to bo readily crushed in the montL or chewed, ai 
of testnre or spongiaess by which a large surface is exposed t< 
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aotion of tlio digestive Juices in the stomach. To import them qnoli- 
tieo b> brood, tiie dougli ia enl)jecteil to certain operations before bak- 
ing, ■which are techoicallj called raiting. The cdpnbility of being 
raised is due to the gluten. B7 the mechanical operation of kneading, 
the glutinoDs parts of the flour ore rendered eo elastiu that the tnass 
of dough is capable of eipondiDg to twice or thrice its biilk without 
cradcing or breaking. Yarions mothoda are emplojed for this our- 
pose, which will now Im noticed ; and first of fermentatioii : 

3. — BiiKAD Raises dt FBBiusTATto!T, 



npatiB af PotrMtMte. — It is a reoiarkablo property 
of the nitrogenous ulimeotorj principles, that when in a moist stnl«, 
and tiposvd to atmospheric 01 j-gen, thej spoedUy enter npon astatoof 
change or rapid decay. They are of very conjploi composition {423), 
th« atlrooLiona of their atoms being so delicately a^nstud that 
slight disturbing forces easily ovorturD them. Oxygen of the rur 
seizes upon thodooaely held atoms, breoka up the chemica] fabric, and 
produces from its ruins a new class of sobstances — the gosooos pro- 
ducts of putrefaction. Thus, it is well known that flesh, blood, milk, 
cheeao, dough, bread, all of which are rich in nitrogeooos substances, 
will preserve their properties in the air only a short time, but pitss 
into a state of putrescence^ becoming sour and nauseons, and son^ng 
furtii ofiensive cxiiulatiuns. This change is called patT^<KCioii, and 
tlie componiids which are liable to it, puCr(/!aSb substance.*. 

460. TlM PEtrebctlTCcbugeCHlaglni. — The other doss of alimeob^ 
ihe non-nilrogcnouii, are in this respect of a very different nature. 
Thoy contain fowcr atoms, lack tho fickle element nitrogen, and have 
a niiipler and firmer composition. When pnre stArch, gum, sugar, 01 
oil, are exposed to the air in a moistened state, they exhibit little ten- 
dency to change, and give rise to none of the effects of pntrefuctiou. 
Yet if placed in contact with palrefying snbstancca, tho change proves 
oiiutagious; they catch it, and are themselvea decominsed and de- 
Btroyed. Hence, when tho putreflahio sabstancos are considered, »trt 
r^ferene* to (As ^kU thofi prodwt vpon th« other elam, tbej take a 
new naiue, and ore called /vr'nMnCt. Tho commnnicntion of that con- 
dition of change irom one class to tho other, is coiled fermentation, 
and the Babatanoce aeUd vp<m are nauied feTmentabU compounds. 
Thus, if some sngar be dissol Tcd in water, and a portion of pntrefying 
doogh, moat, or white of egg be added to it,/«rmfn(afionsets in; that 
is, the change is cammunicated to the sugar, tho balance of its offinl- 
ties is destroyed, and two new substances— one alcohol, containing all 
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tho liydcogcii of tlio engoe, and tlie other oorbonio add, oootainiDg 
Iwo-lliirds of tla oxygou — are produced. 

400. C«n«tlau sf FenBenUllani — Whua matter capable of putn- 
factiuD bugins to cbango, decom position rapidly spreads thrangboiit 
the nioaa. If a small portion of pntrefjing substance be »dded to ■ 
large quon^tj, io wbich it lias not oomiaeaced, tbe obange extendi 
until tbe wbole becouea alike affeolM, But it is not so ia feruieait»> 
tion. The sugar caanot catcb tbe iofiMitioa and tben go on deoompoe- 
iug itaulf. It can only break up into now coupoonds as it is aettd 
upon, Qud when tbe limited quantitj bf ferment made use of ia ei- 
baosted, or spent, tbe eOect ceases, no matter wbat tbe amouot of 
(fermectablo matter present. Two parts by weigbt of ferment docom- 
peso no more tbsn one bundred of sugar. ToLoperatore controls tbs 
ra(fl or activity of fermentation. At 83° no action takca place; at 45* 
it proceeds slowly; at 70° to 86*, wbiobis tbe proper range of warmth, 
it goes on rapidly. Tbe operation may be stopped by tbe exbaustioa 
of either the ferment or the sugar, by drying, by oiposare of it to a 
boiling boat, and by various cbomical eabstances, as volatile oils, sul- 
phurous acid, &c. 

491. Different Unds af F(mentaflra> — When nitrogenonB mattera 
BTOJnlit beginning to decompose, tbe action is too feeble to estAblisb 
tbe trae alcobolio fermentation ia aolaUons of sngar. Yet even in this 
early stage they can change tbe sugar, not breaking it to pieces so com- 
pletely, but splitting eaoh of its atoms into two equal atoms of laetie 
acid, tbe sour principle of milk. This process b called the Itietieaeui 
fenuentatioD, while that in which alcohol ia produced ta tbe virwui or 
alcoholic fermentation. If this bo not checked, tbe process is liable to 
run on to another stage; tbe ferment is capable of attackmg tbe alco- 
hol ilselfi and converting it to iK«tie acid, the active principle of vine- 
gar. This is tbe areCtma fermentation. There are several conditions 
of this acetous change, ^ir^f-, a spirituous or alcoboliosolntian; tecend, 
a temporaturj from 80° to 00° ; Ibird, a, fonnoct to give impidse to 
tlie change ; and, Jburth, access of tdr, as oiygoii is ropidly absorbed 
In tbe process, combining Kitb and oxidizing tbe alcohol. 

402, DoDgti raised by SponlHNU FemHOlatlwi. — Now dongb, as it oon- 
toins both gluten and sugar, when moistened ia capable of fermentation 
without adding any other snbstance. If simple flour and water be 
mixed and set aside in a warm place, alter tbe lapse of several hours it 
will exhibitsymptoins of internal chemical action, becoming sour from 
thoformatiouof lactic acid, while minute babbles appear, which are ow- 
ingtoagosaetfireewitbin tbedougb. Tbe changes are irregular and un- 
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oerUin, ftuoording to the proportion and condition of tbe ccmsUtnenta 
(if tbe flour. Tbej also proceed with greater or less rapidity at tliB 
Barfuoe or in the interior, aceiirdiagl;^ oa the parCa ore ospo»c<t to the 
cooling and oziibting influciu.'e of tiie air. Bread baked from sach 
dougb, ia nnir, heavy, and dtogether bod. Yet the true vinous fer- 
1 muf be epontaneunsl; establiiihod in tbo dongb, b; tabiog 
o qnickCD the acliun. If a small portion of flour and water 
be miied to the consistency of battef (its half-floid state being favor- 
able to rapid chemical change), and the niiztare be placed in a jar or 
pitcher and set in a veesel of Water, kept at a temperature from 100° 
to 110°, in the coiu-se of five or six hours decumposilion will have set 
in, with a copions prodaotiou of gas bubbles, which may be seen by 
the appearance of the batter when sUrred. If this be now mixed and 
kneaded with a large mass of dough, moulded into loaves and set 
aaide fur an hourortwoina warm place, tbo dongh will swell, or 'rice' 
lu a much larger balk; and when baked, will yield aligbtapongy bread. 
A Utile udt is u<>nally added at first, which promotes the fermenta- 
tion, and bon<!«, broad nust;d in this manner is called 'lalt rused 
broad.' Milk is oflon nsod for mixing the flour, instead of water; 
the product U then called 'milk-emptyings bread.' 

493. WhataakM the Daigh rise! — The cause of the rising is the 
vinous fermentation produced by the spontaneoos change of the gluten 
or albumen which acts upon the sugar, breaking it np into alcohol and 
carbonic acid gas. If llie fermentation is regular and eijaal, the knead- 
ing and iDtcmtiiture thorough, and the dough kept sufficiently and 
ooiformly worm, tho production of gas will take place evenly through- 
out the dough, so thalf the bree4 when cut will exhibit nnmbcrlcsa 
minute cavities or pores, equally disltibntod throughout. For its capa- 
bility of being raised, dough depends upon tbo elastic and eitensiblo 
propertioa of its gluten, wliicb is devAiped by the admixture of water 
witii flonr. Hence tlie proper quantity of water ia that which ira- 
piirts to the glnten the greatest tenacity; an excess of it lowering 
tbo adhesiveness of the glutinous particles. The tonghnces of the 
gluten prevents tho small bubbles of gaa from uniting into larger ones, 
or from rising to the sorface. Being caught the ini;tant they are pro- 
dnced, and expanding in the exact spot where they are generated, they 
swell or raise tho dough, AU rismg of bread depends upon this prio* 
flplc — the liberation of a gas evenly tbrongliont tho ginUnons dough. 
No matter what the mode of fermentation, or what the subetanoM of 
agents employed instead of it, thoy all bring about the result in th« 
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4m. Kilsbf; DoBgh b; LcsTta. — Bat the node of raising dough b) 

Bpontaneous fermentation (-192) is not saffioiently prompt aad conve- 
nii'Dt; we require &ome readier means of establishing inunedisU it- 
compoaitiou. If we lake a piece of dongh which bks been kept suffi- 
tieoUy long to ferment and torn K>nr, Knd then knead it up thorooghiy 
with a large lamp of firesb dongh, the whole of the latter will shonl;t 
enter into a ni)ifbrm stale of ferraentation ; and if a litde of this be re- 
aervcd for tlie next baking, it may be worked into a fresh mass of doagh, 
and in this way, attire fermentation may be induced at any time. 
Fermenting dongh thna ased is colled learen. It may be made frran 
any sort of floor, end is improved by the addition of pea and bean 
meal, which ferment easily. When properly made, leaven may be 
kept weeks or months fit for nae, and by adding a portion of dough 
to the leaven, as Urge as that reserved for the bread-maker, the 
stock of leaven is always kept np. Althoagh leaven when added 
to dongh, awakens the tme alcoholic fermentation, yet being in a sour 
state, it produces a portion of lactic acid, and often acetic acid ; the 
latter being mcetiy driven off in the process of baking, while the 
former remains in the bread. Hence, bread mode with leaven always 
bos a distinctiy soar teste, partly oansed by the acid of the leaven it- 
self, and partly by the soar fermentation which it bdaces in the 
dough. It ia difficult to manage, and requires much nkill to produce 
u good result. Leaven is but little used in this country, bread be- 
ing almost universally raised by means uiytatt, ^^ 

3. Profeuties and Aotton or Teaat. -^^H 

40S. PredncUeB of Brewer's TeuL — When griuns are placed in^^l 

proper conditions of germination, that is, moistened and exposed to 
otmospheric oxygen at the propy temperatm^ a portion of tlieir glu- 
ten is changed to the state of ferment, and acquires tho property of 
transforming starch into sugar. Kcnoe, seeds in germinating become 
Biveet, Barley placed in these conditions, begins to germinate, swells, 
softens, and tnms sweet ; it is then heated and dried, by whioh the 
prooeea is stopped. The barley is then called malt. It is neit crushed 
or ground and infused (masktd) in water at 160° so as to extract all 
tjie soluble matter it contains. The liquid (rweet-uorC) is tlien boiled 
to coagulate the excess of vegetable albumen. Hops are adiled, to 
Impart a bitter taste to the product (beer), and also to regulate tht 
HQhseqnent fermentation. The cooled wort is then run into the fer- 
menting vat, and yeast is added. " lu throe or four hours, babbles of 
IS will b« wen to rise from all parU of the liquid ; a ling ot froth, 
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fbrming »t first nronnd ita eilge, grsdnaJIy increnaes and spreads tUl it 
meeU in tlie centre, and the whole smface becomes covered with a 
wliit« creamy foam. The bnbblttt of gns {carbonie aeid) Uien rise and 
break m satUx numbers, that they emit a luw hiMing sound, and the 
white foam of yeast oontlnnM to tucreose ia thicknesa, breaking 
into little pointed hespa, whit^h become brownish on the aar&ce and 
edges; the yeast gradually thickening until it forma a tough, viscid 
crust." Altljongh a portion of the yeast was spent in the operation, 
yut a much larger quantity bos been produced from the nitrogenous 
mntler uf the grmn in the solntioD. 

496. App«truce if Teast— It li a Flait. — Yeast, as naoally procured 
from the brewer, ia a yellowish gray or fawn-colored frodiy liquid, 
of a bitter taste, and which shrinks in a few honrs into ooe-fonrtli 
tli« apace it oocnpied at first. When fresh, it is in constant move- 
ment, and hubbies of gas eacape from it. When dried it loses 70 per 
cent, of tte weight, becomes solid, homy-looking, half-transparent, and 
breaks readily into gray or reddish fragmeula. The natnre of yeast 
was for a long time matter of doubt and speculation, hat the micro- 
saipe has at length cleared up the queetioo, and showed L^t it is a 
true plant belonging to the Fongus tribe. Under a powerful magni- 
fier, it is seen to coiiHSt of nnmberless minute ronnd^ or oval bodies, 
which are true vegetable eelli. Each little globnle consists of on ea- 
Tcloping skin or membrane, containing a liquid within. Snoh cells 
are the minute agencies by which oU vegetable growth is affected. 
The leaves and pulpy parts of plants are built Qp of them, as a wall 
is built of bricks. All the snmhorleas snbatanoes produced by plants, 
are generated within those little bodies. They grow or expand from 
the minutrat microsoepio points and seem to ^_ „„ 

bud off from each other, as shown in Figa. 99 
and 09. The little gnuna &om which they 
spring or germinate ore shown, and how they 
multiply by budding. They ore of amazing 
iTimutuneca, n single cnbia inch of yeast, free 
from adhering matter, containing as many 
aa eleven hundred and fifty-two millions 
of themi. In what manner yeast oct^ to 
decompose sugar la not kno*^n. The yeast 
is destroyed or expends itself in producing 

the effect, yet it fumishea none of ita ant>- Ttut«iii,ihoir 

etjmce to join with the sugar, in producing Sffi "i ''^'*<SS4S5 
alcohol and carbonic acid. Lusm luppoaes noiBi*«lf '"'•''or. ^i 

LOte efiect to be Jymmie-, that is, produced by an impulse of force ; the ^^H 
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matioos of the atoms of llie decomposing ferment, bcnngr commTtni- 
cated to the atoms of sugar, set these also in motion, bv which the 
lagai Btmctura i«, as it were, jarred and fihaken lo pwc*B, its aiooM 
fkllinf into new airangomcDts and forming new SDbstaiice«. 

4DT. DmuMIc prapmllM tf Teast— nwu<> acthsJ. — Bat, u 
tBBity have no aooew to breweriea, it U desirable to know how 
to make jeast at home. If conunon wheaten 6oar be mixind 
with water to a thick past*, and 
exposed sligbtlj covered, and 
left to spontaneoos change in a H ^^ig 
moderately n-arm place, it will, ®f~, ®« 
after the third day, begin to ©©^9„ p 
emit a little gaa, and to exhale jQ Qf^ q'® 
an exceeding disegreeable sour QG^'G© 
odor. After the lapse of Bonie '~" 

time this smell disappears; the 
gaa evolved ia greatly increased, 
and is oceompatiied with a dis- 
tinot agreeable viuoua odor; this 
win happen about the aiith or 
seventh day, and the snbfitaDce 
U then in a state to ei< 
nientation. An infa^on of emsh- 
ed malt (wort) U then boiled 
with hops, and when cooled to 
90° or 100°, the altered dongh, 
above descrilmd, after being 
tlioroDghly mixed with a little 
lukewarm water, is added to it, 
and the temperatnro kept up by ^ 
pladng the TesHol in a warm atn- 

ation. Afler a few hours fermentation commencea, and when that ta 
complete, and the liquid clear, a large quantity of eieeUent yeartk 
formed at the bottom. 

4ft8. Teafl tna Petatoeir-Boil half a dozen potatoea in threa of 
four quurtfl of water, with a conpio of handfula of hope placed is • 
haft. Miwli the potatoes and mix with the water, adding and tfirriag 
in a little aiJt, molasses and flonr, until it is of a battery consiBteDoa. 
Then mix in a couple of spoonfuls of active yeast. Place before the 
fire, wbea it will soon begin to ferment In a cool place it tn^ 
be kept for weeks. 
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493. IdJaa of Bops In Teist-Biklog.— Hop- flowers eont^n aliont 8 
perceut. of a brownish jellow bitter volatile oil, upon which iCa pecn- 
liiir odor ilependfl. The hop bos been long known for its soporific or 
si pep- producing properties, which are sapposed to be ilno to this 
volatile narootio oil. WLen dry hop-flowers are beat, rubbed and 
sifted, they yield abont 8 per cent, of fine yellow dnst— an aromatic 
resin, which has an agreeable odor, and a bitter tiate. When token 
iutcriinllj it hns a soothing, tranqnillizing, sleep-provoking intlnence. 
It is called hipulin. Ilopa also contain a considerable proportion of 
another strong bitter principle, whiuh is aaid not to be narcotic. In 
breiviniT, the chief nse of hijpa is to import an agreeable bitterness to 
tho beer, but it also has the effect of arrcatlag or checking ferinenta- 
liiin boforu all tlio sagar is oonverted into alcohol, \aA then prevent- 
ing tho prodactiou of acid. It is aLto well-known that in the domestio 
prtparotion of yea.'it, hops serve to prevent the miitare fhjm souring, 
tTiongh tune this is affected we cannot tell. 

GOO, Tcast pteitrT«4 bj dirlag. — The liquid, or active yeast, is liable 
to turn soar and spoil in warm weather, losing ita properties and im* 
parting to bread a most disagreeable flavor. Drying hns therefore 
been resorted to, as a means of preserving it. On a large scale, it is 
preased in bags and dried at a gentle heat, nntil it loses two-thirds of 
ila weight of water, leaving a graoalar or powdery fubatanoe, which, 
if packed and kept fVom the air and quite dry, may be preserved a 
long time. It is oarions that meehanieal injury kilb or doslrors yeast. 
Falls, bmise^ a rough handliag spoils it, so that great care is required 
to remove it team place to plooe. Likbiq reuinrks thatsimple pres^re 
diiiiinishea the power of yeast to excite the vinons fermentation. 
Yeast is also preecrved by dipping twigs in it and drying them in tho 
air. Or it may be worked ronnd wiUi a whisk nntil it becomes 
thin, and then spread with a bmsh over a piece of clean wood and 
dried. Buocenive coats may be thus applied, until it becomes an inch 
or two in tbioknees. When thoroughly dried, it can be preserved In 
liottiM or eanisteia. Teast is also eomraonly preserved by adding to it 
maize meal, and making it into a dongh which is wrought into eakiv 
and dried. They may be kept for months and are ready for use at 
any time, by ommbling down and soaking a few hours in wann wattir. 
We adj minnter dlrectiona for making yeost-oakea. Bnb three oimcca 
of fresh hops until they are separated, boil hitlf an hour in a gallon of 
water, and atrain the liquid through a fine sieve into an earthen vessel. 
While hot, stir in briskly 3} lbs. of rye flonr. Ne«t day, thoroughly 
in T lbs. of Indian moal, fomilng a stiiT dough ; knead it well, roil 
12 
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prodooe Bcid (4Tfl), or it may bo too active snd rapid, if too much or 
loo BlroDg yeaat liua been used; or in hot weather when the dotigh ia 
liablu to sour hj rnaning into the acetooa fenneiitation. If the dilS- 
cullv is too alD^gieL a change, it should be hactened b; secDring the 
iQO^t &vorable warmth. IT, on the oontrsij, it is too vioItiDt, it ma; be 
checked by iinooTcring iho dongh, and ciposing it to the air in a cool 
{liui'o. If tlje doDgh be already sonr, it maj be sweetened bj alkaline 
substances. Carbonate of soda will answer this purpose. Carbonate 
of ammonia iit pcriiaps better, as it is a volatile salt, and is raided in 
vapor aiid expelled by the heat of the oven (SIO). If too much be used, 
a portion of the excess la drivea off by the heat, and in escaping assists 
in muking the bread lighter. Caotion sboiild, however, be employed 
U> use DU more alkali than ia really nooessary to neutralize the acid. 
When the acidity is bnt slight, it may be rectified by simply kneading 
the dough witti the fingers moistened with an alkaline sotation. 

COS. The Bisar ef H*u all dcMVptatd In Doagb. — It is at tbe ex- 
pense of SDgar destroyed that fennented bread is raised, but hme much 
BUgar is thus decomposed is variously stated, and depends upon the 
activity and continnance of tennenCatioD. Experiments wonld seem 
to show, that all the sugar present is rarely, if over, destroyed. 
The raised dough and bread both contain sngar, often nearly as much 
as the floor before it was need. This is expliuDed by remenilwriug 
tJini one of the effecis of fermentation is to change starch to sugar. 

COS. How ■■(■! AleeM Is pndiMd In Breai. — Of course the qnantily 
of alcohol and carbonic acid generated in bread is in exact pro|iortiou 
to the amount of sugar destroyed, which, as we hare said, is by no 
means constant. In an cx|>erinienl, a ponnd of bread occnpied s apace 
of 60 cubic iiLolies, 28 of which were solid brood, and 34, coll-c-avi- 
tics ; Donsequcntty 84 cubic inches of cubonic acid of the heat of Uie 
oveu were generated to raiw it, which implied the ptodnction of atioot 
16 grains of alcohol, or less than one-qnarter of one per cent, of the 
wviglit of bread. It has been attempted to save this alcohol, which 
is vnporized and driven off into tiio ur by the baking heat, but tlia 
product obtaiaed was found to bo »o small as not to pay cost. It is 
sini) s current statement, that alcohol exists in the bread, contributing 
to its nutritive qualitios. Wo tiAvo never found it thoro, and never 
aaw a obeniical analysis of bread that enumerated it ns a oonstituonL 
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4. Ruanto Bkb&d withoitt FEBXiBTAnon. 
UMlMt la rabta; bj FensMt.— Two or three obJectinQs hare 
in nrged against raising bread by fermentation. Firtt, the lose of 
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1 Moght to r^Uce fermeulatH 
method of raising the dongh. 

fiOS. H*w U b dau wllhaDt F«n[ 
ilon of the dough are cuuaed bj gas I 
that we may adopt anj n 
mo&lf done in two ways ; either 1 
witb the flour, which, when liroul 
apoD each other 80 as to set free a ■ 
doQgh a volatile solid Hubstance, whil 
into the state of gm. Id the first a 
five enrbonie acid ; in the t<econd oa«e,| 

S09. Bilslac Bread with ChwIcalBahn 
hfdrodJoric acid are used for raising ii 
matel; with tlio flour, and the acid Is I 
funu daogh. Pereiiea indicates the to\ 

Floor 

BtBubauta of todi- - --,........ --^-.. 

OoldnleT, sr my UqaM mcf ity 

Hfdieeblorlo Mill 

The Boda and flour being mixed, the ao! 
aJly, with rapid stirring, so as to mix Hp< 
and put into n hot oven immediately, 
eoda, seU free its carbonic acid, whicli < 
aeid and the alkali disappear, are i 
stance formed by tlicir onion is ohlorii 
•o that this means of c 
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dough, 



{liqtiiii.) ai 
Common sut ; 



BroiM I9 also rabodwith soda powdera; — tarlorio ooid, and biear- 
bonnC« of eoda, which are the octiTe ingredients in efforresciiig draaght^ 
The changes are theae 

Cretuu of tartar, i>onaiBliDg of tartarlo acid cotulilued witli and portly 
neutralized b; potash, is also n»ed with flodo, one beiiig mixed with 
flour, and the other diasoUcd in water. Donhle the qoQQti[;oroream 
of tartar to soda la coiamonlf need, bnt of tartario acid onlj an cqaul, 
or sllghtl; leas f[uantit)'. In these cases tartrate of soda is formed in 
hreml, whicU, iu Its action upon the syBtam, is like cream of tartar 
~— gently aperient. Preparations which ore known as egg-powder, 
tating-poieder, and evttard-potedtrt, consist of bicarbonato of soda and 
tertorio aold, mixed witli wheat fiour or etarch, and colored yellow 
with turmerie, or ewn poisonous chromato of lend. The difficnlty with 
powders, is to get them in perfect neutralizing proportions. 
This Tiisy be ascertiuned by dissolving them in water; tho mixture 
diould ho nentnd to the taat*, and produce no effervescence hy 
adding either alkali or acid. Soar milk, or buttermilk, are often used 
with soda or saleratos. In tliesa coses the lactic acid tljef contain 
Combines with the alkali, forming lactate of soda, or potoHh, and set- 
•fblg carbonic acid free, which lightens the dotigh, just as in all tho 



filO. fiw^aliarboBats af ignvala. — ^Tho perfect theoretic condltlous 

raising bread without ferment wonid be, to fmd n solid substaiicA 

.Vhich could be introduced into tho floor, bnt which would entirely e»- 

Sqie OS a gas during baking, miMng tho broad, and leaving no trace of 

presoDoe. Carbonate of ammonia coraplica witli the lirst of theM 

conditions ; it is a solid wlUch, nudur the Influenoe of boat, is decora* 

entirely into gases. Thus — 



dicinal, and esert a distQrbinj; actio! 
And alUioagh thoir oconslonal ai 
be tolerated, oa the ground of oq 
bitnnl aee as highly- injudicious e 
b« Baid of tbe ohemical eubsbuiccs v 
pure, bnt as couunouly obtained tbo; ai 
impnritieB more objectionable atill. Fori 
riatio acid which is couuoonly employetT 
soda, is always most impure — often 
Iron, sulphurouB acid, and oven arsenic, sc 
it without a tedious process of pinrificationl 
of far IcMi Intportance than its emplojmei 
commereial hjdrocldorio acid sells for 8 ( 
the purified article is eold for S5. Tartnrio 
and is freqaently adulterated with cream ■ 
bnlf the price, and greatly reduces its effi 
tor is variously mixed with alum, chalk, be 
of lime, and even sand. Sosquicarbonote i 
posure to air to lose a portion of its ammo: 
the finbstsDcos we employ are not only Hat 
which they may conceal, bnt tliat their i 
often more or less defeat the end for whic 
may su^iest that, in the absence of test^ t 
to purchase tiiese materiats of the drag^st ; 
soda is desired, coll for the biear ho 
ahoiva el a ~ 
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bent causes tbe diaeiigsgemoDt of eUslia Tapor fVum tbe water and 
fcttj matter, which, heing diffased between the numerous layers of 
dan gh, causes them to swuUnp^ producing the flaky or pnfiyappearanca 
whicU is seen in piatry. This kind of lightness mast not be confound- 
fld with that produced by tbe other metliuds described; for, oliliougb 
tbe layers are partially sepatated, jet tie.Bubetance of each strattiiu 
is dcDse and htird tif digestion. The aJbiimen of e(^8, when smartly 
benlcn, becomes frothy ond swells, by entangling much air in its 
mesbes. If then mixed with dough, it convoys with it wr bubbles, 
which are expanded in bnklng. From its gbiry, tcnacions coosisteace 
when mixed with dongh or padding, it encloses globtlss of gas or 
Eteam, which are generated by fermentation or heat. In this way eggs 
contribute to the lightness of baked articles. 

S18. BaMag CIigMfcrMML Gingerbread usually contuns so niaoh 
molasses that it cannot be fermented by yeast. Bat the motossea is of 
itself always acidulous, ioid takes cfieot upon the saleratos, setting 
free carbonic acid gas. Sonr milk, buttermilk, and cream, are olao 
Dmd, which act in the ^ame way apon the carbonate of soda or potash, 
and thus inflate the dough. Dr. Colqithods has found that carbonate 
of magnesia and turtaria acid may replace the saleratua (and alum 
abo, which is sometimes nsed), affording a gingerbread more agreeable 
•Dd wholesome than tlie common. His proportions are, 1 lb. of flour, 
\ OE. carbonate of magnesia, J oz. of tartaric acid, witli the requisite 
molasses, batter, and aromatica. 



B. Altsbatioitb Phohcoed ej Bakind Bread. 

614, TnrcTatne rf the Ona. — Bread is nsnallj baked by hent radi- 

ted or condnrtod from tho brick walls or iron plates of which ovens 

re made. The oven should bo so constmct^d that tbe heat may be 

|Qal in ita different parts, and remtun constant fur a considerable 

me. If the heat be insufficient, tbe bread wUI be raft, wet, and 

■^••ty i if on the other hand the heat be too gr^at at first, a thick, 

%nnit cmst is produced, fonniog a non-oondncting carbonaceous oov- 

*ring to the loaf, which prevenU tbe lieat from penelratiug to the 

""■ nor. Hence a burnt outside is often aeoompanied by half-raw 

&nigb within. It; bowerer, Uie temperatnra bo proper, the heat 

pMsea to the interior of the loaf and prodnoea the necevory changes 

before the ontside becomes thickly crnst«d. If we cnt open a welt 

baked loai; immediately from the oren, and bury tho bulb of a tJier- 

mom«<«r to the crumb, It vill liae to 219°. This heat is aoffident U 



tunia black, the liMt is too greoL 
fil5. Hut cauM ■ Im ar WdsbL-l 

weigiit hy evaporation. The qusntitv 
the size snd form of tlto lonf- 
more water in proportion tlion if of I 
jiemla upon tbe itaalitj' ofthefloaru 
Voriaua experiments would »cem to sh| 
oiio-sixtb to OQO-tenth of its weight ii 
bread is required by law to be of a o 
calculated upon nud a proportionate a 
Pbeubtl Mates from experimetit that lod 
drying, weigh one pound, require that a 
dout;1i, of aiz ounces ; if tlie loaros are to 
ounces additional tnuat be tokou, and if OJ 

fi!Q. Hew Hut eaUrsM the Leaf.^Who 
beat of tbe oren, it awelle to abont twice 
the eipmiBiou of tbe carbonic acid gas co 
the coDver^on of water into steam, and 
wbiuh alno rises int« tbe gaseous form an 
by tlio spirituous odor yielded in tbe bakii 

617. CbCMltal Changes la prodatlag the ( 
foiling upon the surface of tbe loaf conse« 
of its wiitor, and then Iwgins to produ 
doQgb. The starch 'grains nro ruptured ( 
verted into gum; 
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I Aft^Mri^ uid kill the ;oul plant In baking tboat oDe-fonrteeoth of 
-JRwilvdl ia converted into gam, the rest it not ohemicBll; altered, as 
teay tie abown b; moUtening a little breud-ornmb sod tonulibg it iritb 
Boliilion of iodine, when tbe bloe color will prove tbo pre»eace of 
■tarch. The ginten, althongh nut decomposed, is diaunited, losing iU 
tougb. adhesive qnaJitiw. The gluten nud starcb-paste are intimately 
tniiod, but thoy do not nnite to form o ohomieal componod. 

010. Halilire CMlatud In Bread. — lu uewly-baked bread tbo crust 
la dry and crisp, widle the crumb is eofl and «ioist, bnt after a short 
time tliis condition of things is quite reversed. The brown prodacta 
of the roosting: proccea attract moisture and the crust gets daily softer, 
while the crumb becomes dry. Bread, two or throe daja old, loeea 
its Boftnesa, becoming hard and orambty. But this apparent dry- 
nea ia not oansod by eraporation or loss of water, for it ma; be 
■hown by careTUl weighing that stale bread contains almost exactly 
the same proportion of water as new broad that has become com- 
jdetely cold. The change to dtynesa seems to be one of combination 
going on among the atoms of water and bread. Tliat the molHture 
Jim only passed into a state of concealment may be shonn by exposing 
etnle loaf in a closely covered tin for holf-an-hour to a boiling heat, 
.vbea it will again have the appearance of new bread. The qui^ntity 
lOf water which well-baked whoaten bread cootaios amonnta, on an 
■■verage, to aljont 4fi per cent. The bread we eat is, therefore, nnarly 
flue-baif water. It is, in fact, both meat and drink together. One of 
.Ike reaauna why brood retains so much water is, that daring the 
Saking a portion of the eterch is converted into gum, which hilda 
ire strongly than etorch doea. A second is, that the gluten 
lOt floor when once tboronglily wet is very dlfficnlt to dry again, and 
Jhat it forma a tenacions coating ronnd everj little boUow cell in the 
jiirend, whioli coating does not readily allow the gas contained in the 
escape, or the water to dry np and pass off iu vapor; and a 
•bird reason is, that the dry crust which forma ronnd the bread in 
baking ia nearly impervioita to water, end, like the akin of tlie potato 
wo baice in the oven or in the bol cindcre, prevents the moisture from 

aping. — (John hto si.) 

620. QuUtle* tt GMd Bmi. — la baking bread, it Is desirable to 
BToid the evils of hardnew on tbeone hand and pastiness on the other, 

should it be soar, dense, or heavy. It should be thoroughly and 
miformly kneaded, ao that the earbonlo add will not be liberated in 
any one place, forming large hollows and detaching the 
trunb Irom tbt erist The veaiclee ahonld be Dnmerooa, amall, and 
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eqaallj diasemioated ; nor BLonld the croat be bitter and black, but oi 
an aromatic ngreenble flavor. " If the jeast be so diffoMd tJiroDgliont 
the whole mass as that a soitable portioD of it will act on each nai 
everj particle of the Baceharine inatter at llie some time, and if the 
dough be of SDch conustency and temperature aa not to admit of Wo 
rapid a fermentation, then each minute portion of saccharine matter 
throaghont the whole masa will, in the process of fermentation, pro- 
duce its little voloine of air, which will form ita little cell, about 
the BJze of a pin's bead< and emoller, and thb will take place so uearlj 
at the some time in everj part of the doogh, that tlie whole will bo 
raised and made oa light as a sponge before the acetous fermenUtioD 
takes place in any part. And then, if it be properlj moulded and baked, 
it will make the most beautiful and delicious bread, pen'ectl/ light and 
sweet, without the use of ooj alkali, and with nil tlie gluten and nui[jj^ 
all tlie starch of the meal remaining unchanged hj fe [-mentation. t^^H 
(Gkahah.) ^H 
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G31. Comneii Salt, ilin, At. — It has been found that certain mineral 
substances influence in a remarkable degree the aspect and properties 
of bread, causing that made of inferior flour to resembJev in appear- 
ance, bread made from the best quality. Common salt produces thla • 
ofibct in a decided degree. It whitens the bread and cauaea it to 
sbeorb and retain a larger amount of water than the flour would 
le hold. In consequence of this influence and under coTer ol 
the fact, that salt is a generally admitted element of diet, it is oStta 
introdnoed into bread more freely than is consistent with health (697). 
Alnm has exactly the same effect on bread aa common salt, but in a 
much more marked degree, A small quantity of it will bring op a 
bod flour to the whiteness of the beat sort, and will enable it to hold 
an extra dose of water. It ia much used for this purpose^ and the 
baker who employs it not only practises upon the oonsamor a dooble 
imposition, bnt drugs him with a highly injurious mineral into the 
bargain. Mitceiell detected in ten fonr-poond loaves 81B gr^ns of 
alnm, the quantity in each loaf ranging from 34 to 110 grains. Sul- 
phaU qf copper (blue vitriol), in exceedingly minute proimrtiona, 
exert< a striking influence upon bread in the same manner as alum. 
Carbonate qf magittna has a similar effect, and ita use in so large 
quantilieg as from 20 to 40 grains to the pound of flour has been n- 
ooumended on sdentiflo authority.* This substance has been alM 
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TCcommended for correcting acidity in yeast, dongti, ftc„, instead of 
■oda, and becaose it ia less powerAilly iLlkaline. But from its diffl- 
oultly boIqWo earthy nature, it tends to nccnniQlate in tlio ajstom in 
the Iitglily objectionnblc ehape of concretions and deposits. 

6S2. UeUg RMHMMdi Une-wilcr Ib Bread.— However it is to be 
lamented, it is nevertheless a fact, that enormous quantities of flour, 
more or less deteriorated, are purchased in the marketa or this country; 
and if there be any method of improving its condiUon by meona tlint 
are Dot essentially injurious, they are certunljmost desirable. Indeed, 
It is well known that flour is injured by (tme alcne, eo that freshly 
ground BonroT is always more prized than that which is several months 
old. Tlie scientific reason is apparent. Vegetable glnten in contact 
Tith water beooutea chemically obanged, and loses its peculiar tough 
elastic properties. Aa these are essential to bread-making, flour that 
has been altered in this way necessarily mokeea bad dongh. Now, 
flour is in a high degree a water-absorbing sabstance, so much so that 
It attracts and combines with the moisture of the ur, and is thus 
iigored. This can only be avoided by ortiflcial drying and priitvcling 
thoroughly bom the air. The efl'ect of the subatanoes noticed in the 
previous pimigraph is to combine with the gluten thus partially 
changod, and in a measure to restore its lost properties. U[K>n inves- 
tigating tliis subject, LiKBia found that Ume-teater is capable of pro- 
ducing this eflect, a.\iA thus or greatly improving old, or low grade 

523. new UjH-water Bread Is prepared. — To make liuie-wator 
oheiuisls usHidly employ water that has been ditlUltd ; very pure 
aofl walar, as clean rain water, may, however, be used. Uis a quarter 
of n pound of slacked lime in a gallon of such cold water in stoppered 
bottles or vessels kept tight from the air. The mass of tbo Umo falls 
to Uie bottom, leaving the liquid above, which bas dieeolvod l-600th 
its weight of lime, dear and transparent. This is to be poured oft 
when rwignired for use and replaced by pure water. Likbiq reeom- 
mends G IIm. or pints of Ume-water to every 19 lbs. of flour, altliougli 
this quantity of lime-water does not suffice for mixing the bread, 
and of course common water, must bo added, as much as is requisite. 
"If the lime-water bo mixed with flour intended for the dou^i, and 
then tbo yeast added, fermentalJoD progrenea in the same manner aa 
In the absence of lime-water. If at the proper time more flour be 
Added to the risen or ferment^-d dough, and the whole formed into 
loaves and baked as usual, a sweet, beautiful, fine-grained chistia 
bread is obtained of exqniaite taste, which is preferred by all wlio hars 



D iM. Di oreaa ; ana «a n 

but l-eOOth of liniQ, with tliis artiflA 
still contoin leas of it than pena ftwl t 
gestixl that experience may yet prove tH 
of ptrffct notritioD, on accoant of thei| 
fonning element. 

Q2Q. BIAitnt kladg tt Braid.— Rice I 
enables it to take np im increased qw 
niOKlied potatoes mixed with the c 
moisture, and prevent It from drying a 
dark-colored bread, and ib cnpnbla of b 
the same manner as wheat, 
longer than wheat. An admixture of rye 
decidedly improves the latter in thia res[ 
much used in this conntry. Wiied witU 
produced capable of fermentatioD, but pai 
roentcd su as to form a light bread. Its 
qnalit; necessary to produce the regulai 
commonly used in tlie form of calies, m 
by «gga or Bonr milk and salcratas, mnt 
Indian com is ground into meal of varioni 
is never nuado so fine aa wheaten llour. £ 
require a considerably longer time to he 
baking process than wheat or rye. If gro 
is, if its bran be Dot separated, wheat m 
nhioh Oraham or dyse 
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Id which flour is an uigredi«tit are changed bj the baking proo««8 in 
tli« iwno way fa bretid. Tliey are Tunall; mixed with milk itutend 
of 11'ater, and made ttiiaoer tboa dough. Yeast is not used to ruse 
thorn, eggs being coinnionly omplofed tor tbia purpoBe, and Bometimes 
other Babstaiic«s. 

526. WUt« lai Brvwi Bread— 1 new FrtDtk Plim.— K. Mouries, of 
Paris, lias oonoDnccd eoine new views of bread maktog, Iheoretio and 
pranticol, upon which a couimiadon of the Frenob Academy has jnst 
reported favorably. He cluiins the discovery of n nitrogencnis But>- 
Kance called eerealine, which is a very active feiment, rendering 
starch solnble, altering gluten to a brown Bubstaoce, and actively pro- 
ducing lactio acid instead of carbonic acid and alcohol. It reddeB 
near the Burliice of tlio wboat-grain, ao that in grinding, it ia nearly all 
Mporatod In the bran, leariog bat little in tlie white ilotir. U. lloc- 
vaa states that in broad mada from nnbolted floor, the tendency to 
soumeea, lb e softness, cramblineos, and want of firmness of the crumb, 
J the brown color alto of the bread, are duo h> eertatiae. lie says 
Mrcaline ferment will make a brown bread of the whitest llanr, 

I wbereoH, if it be nenlrolized, a vhite h'tad can be made from a dark 

> -Jloar eontaining bran. Ho grinds wbeist so as to separate it into about 
T4 per eenL of fine floor, 10 of brown meal, and 10 of bran. The 

' lirowo meal is than bo acted on by yeast as to nentralize the cerenline. 

I The product in a liquid form is used to mix white floor into dough, 
vhich is baked as dsqbI. Tlie claims of this method are, a larger 
•ooncimy of ground products, making a wliite bread from dark mat*- 
rlola, preventing the liability to acidity, and a yield of the finest, 
Ughlest, and sweetest bread, comprising the largest portion of &rina- 
oeouB materials. 
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GST. lis General Qhcbk — Boiling dilfors fK>m baking ia several re- 
qiecta. Fir*t, the beat never rises above the boiling point, and the 
ehniiges of conrso nre such only as mny be produced by that tempera- 
tare. Srcond, the ft>od is Burrotinded by a powerful Bolvoot, which 
Voro or lees completely extracts certain constituents of the food. Yeg* 

, ttnble adds, migsr, gum existing in the orgonio matter, and gnm 
1bnn*<d tram Btarch, with vegetable albmnen, ore all soluble in water, 

I and by boiling are partiitlly removed. Tbu tougher parts nre mode 
under, tbc bard parts softeued, and the connections of the fibres and 
Usanu loosaned, so as to be more readily masticated, more easily pea- 

L'Mnted by IIm bbHtb and jniosB of the stomacb, and hence mora 
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and p«&rs, the keraeb of nnts, and U^H 
Ac We are hordl; justified in nnl^H 
dona, among alimenls. Indeed, he ri^| 
llgnooiu matter among [he alimentar^l 
b J no mnuiB satisfied that it is capableH 
Tet it ia imporUnt to understand how H 
of cnlinar; operations. Boiling in waU 
b J dissolving Tarioas eubatances with I 
renders it the more pore. Yet wood; filM 
action of heat and chemical Agencies, of I 
matter. If old linen or cotton rags, papl 
in a strong Holntion of alkali, or molstene' 
ric acid, the woody aubstance is change 
□r dextrin, and then into grape suga 
old rags maj bo made to }ield more 
Bat aeak solutions of acid or alkali do 
Nor will strong vinegar. We may therei 
remains totallj nnvlianged bj eipoanre t 
rations. Professor AirriuijjiFra, of Tnbi 
method of preparing bread fixim 
which was changed into nutritive matter 
~e are not aware that hia oxper 
while it is suspected thatwhal«ver nnlriti 
posaeesed, was due to staroli associated wi 
G20. CfeUE'^ of Spggf^ 
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only verj soluble in. wat«r, bat obo rery absorbent of it (deliqxieKenCy 
turns of a deep brown color, utd is nsed to stuin liquids of a dork red, 
ur n'iuu iHilor, nnder tbe mime of oaramel. Sugar itself is Hlightly 
nuid, and funus compounds with bases Tblcb are of A salt nature, and 
known ns tatxharaltt. Caramel is mare deddedlj acid, and if the 
sugar be heated still higher it is converted into still stronger aoid pn>- 
duuts with indamuablo gases. 

630. BrtaUigirsftlieSbrtlitlnlu.— Tbe&tractnreofstorohgrdns 
hns been described (8Bi). They cooaist of layers or coate arranged 
ooncenlricallj around a point called tlie hilum. If _^ .^^ 
one of these grains be strongly compressed between 
two plates of glass it breaks apart into seTcral pieces, 
us s(>cn in Fig. 100, and all the pianea of ruptnre 
generally para throngli the kilnm as if the substanoo j 
were less rcaistent at that point. Bnt nnder th« Joint 1 
action of heat and water, the grains break up differ- 1 
entlj. Their menibranes are torn apart, or exfoliated | 
lij lntem.ll swelling, as shown in Fig. 101. 

CBl . Ctuees of SUrdi—Starch fe but slight! j acted *1^u„|rJi bZ^ 
upon by cold water. When heated with water it 
docs not dissolve ; bnt the gnuos swell, forming a viscid maciliiginous 
uiRSS, a kind of slif^ half opaque jelly. When stwoh is dilnteil with 
twelve or fifteen tlnies its weight of water, 
the temperature of which is slowly raised, 
nil tlie grains buret on approaching the 
boiling point, and swell Ijj such a degree as 
to occupy nearly the whole volnmc of the 
tirjtiid, forming a gelatinous paste. If a 
])int of hot water bo poured on a table- 
spoonl'ul of arrow-root starch, it imme- 
diately loses its whitencs and opacity, be- 
comes trauFiparant, nod tlie entire matter '"*' 
patvti'S into the condition of a thick jelly. If a little of this be diffused 
throiigti cold water and exatnioed with the microscope, it will bo seen 
that tlio starch grains are greatly altered. They have Increased b> 
twenty or thirty times their original size ; the coucentrio lines are 
obliterated (384) ; the membrane of the grain is raptured, and its inte- 
rior matl«r hns escaped. A cold jelty of starch and water, left to Stand, 
either closed or exposed to the air, gradually changes^ first into gum 
(dextrin), and then into sugar. The process, bowcTer, is slow, and 
months must elapse before the whole of the starob ia thus trusformed. 
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By being boiled in water for a considerablo time, it nndei^oea tbe 
ssinB «bango, and if the water be acidnloiis the change 13 ijuickened. 
When dry etart^b is graduollj heated to a temperature not exceeding 
800°, it alowl; chaot''^ acqnirea a jellow or browcisb tint, and be- 
coiDM entirely eolnble in cold water. It is changed to dextrin or 
gum (British gam). 

632. Haw PoWtei an cbuged bj CocUng. — Bj referring to the 
sliiteineiit of the composition of potatoes (461), we sball notice tlut 
a. ponod contains about three-quarters of a pound of watery jnice, to 
twu ounces, or two and a liulf, of slarch. Wbeu examined by the 
Fio. los. microBCopo, the tiaane ,( the potato is found 

insist of a mass of ocUs, containing starch 
grains. Each cell contains some 10 or 13 
, grains, loosely situated, as shown in Fig. 108, 
1 and Borroonded by the potato juice, wtdch 
:iuiia albumen. If potatoes be of good 
' qanlity, they boil dry, or mealy, as it ia term- 
But their water or jnico does not sepa- 
rate, or boil out. It is absorbed by the starch 
pouwbefc™ grains, which form a compound with it, and 
g. swell up so as completely to fill, and even 

burst the cells, as »cen in Fig. 103. The albumen at the same time 
coBgulatctt, BO oa to form irregular fibres, which are seen among the 
».., .^n starch grains. When the jnice of the potato is 

only partially absorbed by the starch, it i* said to be 
wntery, wasy, or doughy. Potatoes by boiling in 
;r do not, form a jelly, like common atarch, be- 
e the starch grains in the tubers are protected, 
(J partly by the coats of the cells in which they are 
contained, and partly by the coagulated alhomen. 
. - ^.,j "Potatoes steamed or roosted — or if boiled, mash- 

f3(3t^^^ ed 80 as to extract all hard lumps, are iu the bwt 
Jt-lX/''^'^ condition tor digestion. Frying them, toasting 
BMrdi r"'i" "> pMutt tbcni, baking them, or browning tho sm-face, dries 
aftu bulling. ^ip jj^p Btsrch into a hard, half-charcoally mass, 
■nhieh, except in most powerfnl stomachs, must act as a foreign body." 
G38. finality sf tbc Wain f«r CaUBiry PHrpMcs.— Solt water, or that 
which is free frora dissolved mineral matter, makes its way into, or is 
irahibod by organized tissues, with mnch more readiness "and facility 
than hard water. It also exerts a more powerful solvent or extractive 
action, and thns is a better rehiule for conveying alimentary gab- 
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\ ttmoes into tlie liTing sjatem. In culmtir; opomtiona whore iha 
ol^ect is to tottOi the textnK of animal and vegetable matter, or to 
«xtrnct trova it and present in a liijuid ttirm some of ila valaable purta, 
Its in making soups, brotba, stews, or Inforioas, aa of tea or coffee, soft 
water is tho best. Bnt there are cases in wliich the solvont action of 
soft water ts too great^ as sometimes apoa green vegetables, wliich 4t 
miikcs too tender, dostrojing the finnncts tliot is essential to the 
preservation of their jnices, whieh are ilisaolvedand extracted, making 
the sabstaoce proportionatel}' tasteless. In those cases, therefore, 
when we do not desire to dissolve ont the oontents of a strnctnre, but 
to preserve it Ann and entire, hard water is better linn aoft. To pre- 
vent thb over-di«eolving action, oomtnon salt is otten added to soft 
water, which hardens it. This fact also explains wtiy it is itniimaible 
to correct and restore the flavor in vegetables that Itacc been boiled 
in tvifl water by afterwardii salting them. It is well known that pens 
unil bonriH do not Iwil soft in liard water. This ia owing to tho efleot 
which snlta of lime, especially the snlpbate or gypsnin, eiort iti hard- 
ening or coagniuting casein which abonnds in these seeds. Onions 
fiiriiiih a good example of the inflnence of quality in water. If boiled 
in pnre Foft water, tlicy are almost entirely dcetitnte of taste; thongh 
wlien cooked in salted water, they possess in addition to tho pleasant 
Kaliiie taste, a peuoUor sweetness, and a strong aroma; and they also 
contain more solnble matter than when cooked in pure water. Tjie 
snit liindvm Uie solution and evaporation of tho soluble and flavoring 
principles. 

8. Uow CoDKiKo caxsata Mkit. 
CS4. JctlH ef neat tpen (he CeaiHtMBtBer Flesh..— If the pare fibrin 
of meat is exposed to a moderate heat, it parts with a large portion of 
its water, which it held like a oponge, and loses the power of taking 
it np again. It oonseqaently shrivels and shrinks. If the heat h« 
ciirrieil high, farther deconipodlioD and charring take place. The effleot 
iitboiiiJiff npon fibrin, b not to make it more tender, bnt to lDoi«ose its 
hiirdiivwandlaughnen. Alowdegreeof heat changes liqnidaZtomm 
to tho solid condition ; altering remarkably all its physical properties 
It neither disaolv^ in water, hot nor oold, and ie impenetrable to it. 
If dilFiised Ihrongh one or two hundred times its weight of water, it 
conciliates, forming fine fibrous meahes tlironghout the liquid sufficient 
lo i-iitanglu any mechanicaJ suhslanooa that may be floating in it, and 
bring thrm to the surface or carry them to the bottom. In this way 
■Ibuii en is osed oa a clarifying agent If its proportion be much 




larger, the entire Trater may combine with it iind pass into the solid 
state. The e^, for exainplo, contains 74 per cent, of water and 10 of 
oil, yet its coatents are ull solldiiied by boiling throngh the actinu of 
14 per cent, of pure albamen. ^t is liquefied, of couree, by the action 
of heat, and at a high temperatnro it is resolyed into various acid aod 
acrid bodies. The effect of heat upon fleah in the mass, has bccu in 
"pestigated by Lisbiq, with hia nannl ncnteneas and with highly jotw- 
eating and practical rcsnlts, 

Q30. PropntlN af (lie Llqmld and Solid parts of FlMh. — When mus- 
cular flesh or lean moat is chopped flue, and steeped or leached with 
coid water, there remains a solid Fesidna eonsistiog of the muacoUt 
fibres, ttssnes, vessels, &c. If this be boiled, it is taateleaa, or indeed 
slightly nauseating; it cannot he masticated, and eyea dogs n^ect it 
All the savory ronrtitaents of the fleah were contained in ita jnicej 
and wore entirely removed by cold water. The watery infuaon tlios 
obtained, is tinged red by some of the coloring matter of tlie blood. 
If it be boiled, this coloring matter separates, leAving the liqoid clear 
and of a pale yellowish color. This liquid has the aromatic taste, 
and flli the properties of soup made by boiling the fleah. When 
evaporated and dried, a soft brown mass amounting to 13 or 15 per 
cent, of the weight of tlie original drp flesh is obtained, having an 
intense flavor of roast meat This extract of fleah is solnbla in cold 
water, and when dissolved in about 32 parts of hot water, with salt, 
it gives to this water the taste and all the properties of an excellent 
soup. The liquid extract retains the peculiar taste of the flesh &om 
whieh it was derived; bo that if we add the concentrated juice of 
venison or fow! to exhausted beef, the latter at once acqnires a veniwia 
or fowl taste. 

636. Usi of Weight U CsaUag.— llie flrst effect of applyuig a 
strong heat to a piece of fresh meat, is to caose the fibres to contract, 
to squeeze out a portion of the juice, and partially to dose the pores so 
^L as to prevent the escape of more. Heat is applied to meats chiefly in 

^1 three ways, tailitig, roatting, and baking. During these operations, 

^M fresh beef and mutton, when moderately fat, lose on au average 

H about as follows: 

H ThE 

B qua 

■ thei 



The greater loss in baking and roasting, arises chietly from the greater 
quantity of water evaporated, and of fat which is melted out during 
these two methods of cooktag: 

MOad ff tMUig neat.— In preparing meat for the tabk^ 
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WQ bIihII discover it to Ue most desirable that tlie ingredienU 
of its juice should rerotun in it; aod this will depend much upon 
the metliod of coliiuuy proc«dnre. If the piece of meat b« ia- 
troduced into the water ahen britkly boiling, the albumon at ita 
surfaco, and to a certain depth iaward, ie immediately coagulated; 
tbua enclosing the moss in a crast or sLell which neillier permita ita 
juice to flow oat, nor the external water to penetrate within, to dis- 
sulve, dilute, and weaken it. The greater port of the sttpid consti- 
tuents of the meat are thna retained, rendering it juicy and well- 
flnvored. It should be boiled for only a few minutes, and then kept 
for some time at a temperature from 1G3° to IGG". Heat is under- 
done or bloody, wliea it has been heated throughout only to ttie 
temperature of coagaldting albumen (140"); it is quite done or cooked, 
when it has been heated through its whole mass to 1S8° or 165°, at 
which temperature the coloring matter of the blood coagulates. Aa 
in boiling, so in baking or roasting; fur whether the meat be snr- 
ronnded by water, or in an oven, as soon as ttie water-proof coating 
Is formed oronnd it, tbe ftirthcr choogeii ore etTected alike in both 
cases, by internal vapor or steam. In roasting or baking, therefore, tlie 
fire should ha at first mode quite hot, until the aurface pores ore ooni- 
plotely plugged, and the Blbaminons crust formed. Hence, a be«f- 
Rteak, or mntton-ohop, is done quickly over a naort Gre that the rich^- 
flavored natural Juices ma; be retained, 

nag. OUccUtB U a* ttmaot ■ethod— The fibrin of meat, in its 
natural stale, is surronnded by on albuminoui) liquid. In congnlatiug, 
it becomes firm and hard, but at tbe same time, brittle and tender. 
If the albumen be coagulated witbin the meat, it forms a protective 
sheath around the fibres, and thus prevents them from being shrivelled, 
tonghened, and hardened by boiling. This.exploins why the flesh of 
young animals, which is richer in albumen tliaa that of old ones, la 
also more tender. If the meat be placed in cold water, and the 
temperature slowlf raised to boiling, a portion of the savory and 
nutritive juices is dissolved out, and the meat becomes proportion- 
ally poorer for the loss. At the same time the fibres lose more or 
leKS of their shortQcas, or tendemeas, and become tongh. The smaller 
or thinner the piece of flesh is, the greater is ita loos of savor; oon- 
stitnenta. If, in baking, the meat be exposed to « slow fire, its pores 
n-iimin open, there is a constant escape of juice from within, and the 
!li--li boooiiios dry and unsavory.* 
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040. S*Bp, B«ef-tu, KaltM-braU, &«. — la the preparation of theM 
onr objuct is the rcverae of Ciiat wliich has just been uonsidcred. We 
desire to take the nutritive atid aavorj principlea out of the meat, and 
got liem into it liquid or soluble fenu. To obtain a liquid extract of 
meat, in the form of soup, broth, or tea, the flesb ia finely chopped 
and placed in eold teater, which is theu slowly heated and kept boUiog 
for a few minutes, when it is strained and pressed. In this mimnet 
we obtain the very atrongest and best flavored soap which can be 
-node from flesh. " When one pound of lean beef; free of fat, and sepa- 
rated from the bones, in the finely-divided state in which it ia used for 
heef-sansogca or mince-nicat, ia uniformly miicd with its own weight 
of cold water, slowly heated to boiling, and the liquid after boiling 
briskly for a minute or two ia atrained thfough a towel from thecoag- 
Dlflled albumen and fibrin, now become bard and homy, we obtain an 
eijual weight of the most aromatic Eoap of such strength as cannot bo 
obuuned, oven by boiling for hours, from a piece of flesh." — (Likbio.) 
To make the best article, it ia desirable cot to boil it long, ns the ef- 
fect is to coagulate and render insolnbie that which was extracted by 
oold water, and which shonld have remained di»toUed In the soup. It 
ia obvioua from what has been aaid, that a pieoe of meRt introdnced 
undivided into boiling water, is in the most unfavorable condition pos- 
aible for making good soup. It is customary in soup>msking to pro- 
traot the boiling for the purpose of thiokening and apparently enrich- 
ing the soup. This is effected by jihe. gelatin, which is grodoally 
extracted fWim the tissues, bones, and other parttt, but in a natritJTe 
point of Tiow tills ingredient is a fiction, as will be ahown in the proper 
place (V17). Sonp-making is a kind of analysis of alimeniary sob- 
Htanccs used in its preparation— a part is taken, and a residue usnallj 
r^ectod. Yet it is clear that we shall have the eompUUat nourish- 
ment by taking both parts, as the fibre of meat and the softened beans 
and pens of their respective soups. 

Q41. A MW Bratb far StreBgthealig the SUk. — In certain maladies (as 
typhus fever, for example, at portioular stages), the greatest difflcolty 
met with by tlie physician, lies in incomplete digestion, or inability 
promptly to reinforce tlie exhausted and bankrupt blood. To meet 
this difficulty Likbio prepared, as follows, a nutritive liquid, which 
has been used at Uunichwith tho best results. Take half alb. of j)«r- 
/eellyJS-t*h meat (beef or chicken), cut it in small pieces, add to it 1} 
lb. of distilled (pure soft) water, with four drops of muriatic acid, and 
half a drachm of common salt ;- mix the whole well together, and aAer 
•tunding an hour, strain through a uomuon hair sieve, lalliog it pus 
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irithont presain); or sqacezing. The portion passing thron^h firRt bo- 
ing clondj, it b again poured tbroug:1i the sieve, aod this process is 
repeated until it becomes perfectly clear. Upon the residae of meat 
remaining in the siere, bait' a pound of distilled water is ponrcd in 
Bcnall portions;. In Uita manner a ponnd of oold extract of meat is ob- 
tained, of a rod color, and pleasant meat-broth toate. It mont not be 
heated, and is etlministcred ooid, by the enpfiil, according to tlie pa- 
tient's inoJination. It is difficult to make it in enramer, on account of 
its liability to ferment and change Perfectly cold water miist be 
nsed, and rt-frigeraUon with ioe will guard LgaitJt decompoeitioD. 

0. PrKPABATIOS iSD PnOPKSTIEB OF BcTTBIl. 

D4a, IttlM af BMt Dp«B nuk aid GrcaH. — The gradual heating ol 
milk fiicilitjitea the rising of its creuu. The oU globules are broken, 
liqiiittied, ma together, and ascend to the upper part of the vessel. 
There is always a. trace of albumen in milk ; when boiled thi§ is ooag- 
uUtcd Btid rises U> the siufuce with oil glubnles, oud forms there a 
peliclo or skill, which is increased by evaporation. The layer thus 
formed prevents the oecnpe of steam, causing the Uquid to boil over 
If the vessel is not removed from the fire. If cream bo healed fur 
Borne time nearly to boiling, its fat-gtohiilea melt together and collect 
apon tbo surface, as a dnid oil. When this is cooled it forms a very 
pure butter, which will keep long without being salted or becoming 
rancid, but baa neither the fine llavor nor tlie firm coosbtence of 
churned batter. 

US. Salter icpantcd vttbanlaUljr.— If either milk or cream be beat- 
en or nutated meclisuicidly for a time, the oil globules coalesce and 
form n moss of batter. It ia believed Uiat each tittle fat-globe ia cn- 
closvd in a thin film of casein, which is ruptared by ogita^on. How- 
ever this may be, tlio oil-cella have sufficient resistance to requiro 
ooncideraLIe mechanical violence to break them up, which is effected 
b; churning. During this operation oxygen, is absorbed from the air, 
the temperature rises, tbo cream or milk, if not already ncid, tnms 
sour, and gaua are set free, wbiuh escape from under the cover, or ' 

when the chnrn is opened. 

Ra. tMa af MMaa. In Ckimlig.— In churning cream, which is usn 
ally thick and uneven, the agitation should at firat bo slow, nntil it has 
become completely broken into a uniform mass. As it becomes thin- 
ner ihe motion is ea^er and may be slightly increased, and contiuaed 
nutU acboLge in tba sound from a low and smooth to a harah tone is 
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observed. It maj tijen bo Bf;mii Bligbtlj increased, until tha bolter 
pepns to form, when it is collected or 'gathered' by a slower move- 
ment. If the mte of motion in chnming is too rapid, the cream i* 
liable, especially at liigh temperatures, or in hot weather, to iurtC, aa 
it is called, wliile the butter is soft, frothy and bad. 

G46. Tlmt amd TtnpenUan. — With different cliorna, and at dif- 
ferent rates of speed, butter may be produced in from 10 minntea to 3 
or even 6 hours. Dr. Mitbi^att assigns from 45 minatcs to aa Lour at 
the best time for cream, ivhilo Pro£ Attos states for cream an hour 
and a half, and for whole milk from two to three hours. DioKEnao:! 
says it is no matter if we ore six hours in ohomiug sweet mill:. It 
is, however, tbe well established result of experiment, 'Jiat the more 
qniddy milt or cream is churned, the paler, softer, and poorer is the 
butter. It is siud alao that in over-chnming, that is, when the opera- 
tion is too long contiuued after the butter is produced, it is apt to 
be softened and lightened in color, although the quantity may be 
Bomewhat increased. We have had frequent occasion to noUc« the 
controlling influence of temperature over the changes of matter, and 
we find it again illustrated here. Cream, when put into the chum, 
should never be warmer than 5S° to 65°. It rises during cbnrning 
from 4° to 10°. Johnston states that when the whole milt is churned, 
it should be raised to 65°, The careful regulation of the temperature 
is of the first iaipoTtance, so that a tliermometer is indispensable to 
the proper management of the operation. Some churns have them 
attached, which is an eicoUent phia. The temperature of the creem 
is increased or dinuDished by mixing with hot or cold water, but many 
strenuonaly object to this. In some chums there is an outer chamber 
or vessel, which is separated from the cream by a thin sheet of metal, 
through which beat or cold readily passes from water contained in the 
olmmber. This is a good nrrnngement, althougii the metal coumoaly 
nscd (tine) is not qnite free from objection (611). 

546. CanpwItlQB aid proptrHcs df Baiter. — The mass of batt«r is a 
tasteless and inodorous fat ; its pleasant aromatic flavor being due to 
a compound existing in it in very small quantity, namely, fmtj/ric arid, 
combined with oixdx of lipyle. First quality butter has a pleasant 
peculiar aroma, is of a fine orange-yellow color, solid, and of a waxy 
or grainti lextnre, expOHiog a difierent sorfnce when cat from Git or 
grease. This granular quality resnltu from the pccoliar mode of its 
production, which is by the mechanical coherence of minute butter- 
partioles or grains. Were butter separated like lard, by melting, it 
would not present thia appearanoe. Between good ordiuarj^batter 
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rind a flnt-rate nrtiule tbero is a wide difference ; the former ia o> 
Hon, the lotter is but rnrely seen. Cream aod bnltcr are both highly 
abaorbent of napleoMnt odors, and are extrenielf gnuceptible of taint 
from this cunse. The air of the dairy-hoUBe moat be "sveet as that 
waflod from the rose itself. A common farm eellar with meat, finh, 
and vegetables, would spoil the best package of batter ever made in 
sixty days." The cows Bhonld be kept on rich, tender, high-flavored 
grasses, — timothy, white clover, blue grass, red-top, with which the 
gruimd is to be thickly swarded over to protect it from eun nod 
4fontb. Uay, June and September are the best months, July and 
■•Aogntt being too hot ; while after frost appears, the gmss becomes 
i^pid and bitter, and will not yield butter of the best quality. 
[•Almost every kind nf batter, however, is good when newly made, 
f The vital considerations of its mannfoctQre are connected with lla 
j- ^nnlity of keeping, which will bo noijcod when we reach the snbjeot 
1 cf preservation (699). 

10. Pkkpaiiatiun and FnoFURriBS of Cheese. 

S47. SpoaUnuas CordUng «f Silk.— When milk is lea to itself for a 
me, which is shorter in warm or stormy weather, it sonrs and 
r cnrdles, that is, its eoMin changes team the diMolved to the solid state. 
I lliis is bronght abont by n series of interesting and beaatifnl ohangea 
Lariginating in the nncensJng activity of ntmosphorio oiygcn. Casein, 
1 . In itself, Is iiisulnbte in water. Bat it is of an acid nature, and is oa- 
I ptble of combining with potash or soda, and forming a oompoond 
t which dissolvea in wat«ri Soda la the alkali which holds the cnsoin 
Lff milk in eolation. Now when fresh milk is exposed to tlie air, its 
lvVfg<n acting npon a portion of the nitrogenons casein, changes it to 
ft.SfDrmcnt; and this takes effect upon the milk sng&r, converting it 
I too lactic acid, which cansea the sourness of milk. When sufficient 
L«f the lantin arid is thus formed, it seizes njion the soda, takes it away 

I the caaein, and forms laetatt of mxla. The casein thus set free 
f ihrinks in bnik, and gathers into an Inselubte, ourdy moss, the opera- 
I tion being aided by a gentle warmth. 

rlUdal CarUng wltk <ltUi> — In making cheese the milk is 
I Mirdle4 artificially, and in dilTuront conntries voHons substances are 
I' 1^ fur this purpose. But they all prodnce the cfTeot in precisely tbe 

M way, that is, an ai^d subsUnce ta employed tn noulroliio the 

ia of the milk, by which the casein assumes the coagnhttod state; 
I AluDat any acid will have the effect of cardling milk. Muriatic odd, 

tkeued with water, vinegar, tartarie acid, cream of tortw, 
I'JnIoe, and sour milk, are each oscd for tbe pnr^oM. 
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649. ArlUkU CirdlUs with Kcwict. — The salted and dried etomadi 

of the unweaned caii, limib, or pig, is called rennet. If a small piece 
(if thin be soaked id wat>:r for a tiiuo, and tlje iufuwon bo niizod with 
milk at a ti'mpcratare of 90° or 95°, curdliug aliortlj takes place. It 
was ODOe Bnppoaed that it is the acid of the gaatrio joke pf the sliomacli 
which producea tlie change; bat iJiia cannat he, as the membrane acta 
with equal promptitude, though it has been thoroaghljr washed freo 
fkiin every thing of an acid nature. The change is due to the Bctiim 
of the animal matter itself. It is said that the rennet abonld Dever be 
used unle.sa ten or twelve months old. Daring this period, bj exposure 
tu the air, a portion of the membrane has undergone decaj and become 
soluble in water. Thia decomposing anima! matter acts nfion the 
aagar of milk, changing it to lactic acid, which produees curdling ei- 
actlj as in spontaneous coagtdation (517). There is much about the 
action of rennet that ia not yet explained. Its condition seems to 
exert a decided influence on the quality of the cheese. The result it 
probably much influenced by ttiemtate i^Jeeay of the animal matter, 
aa the decomposition may be so far advanced as to induce pntrefacdon 
in the milk. 

550. CendlUoas ftf the prcjiantlon *t Chtese. — By the action of card- 
ling agents the milk is divided into two parts; flrat the evrii, com- 
prising alt the casein, a large portion of oil and a trace of atigar of 
milk, with some water; and second, the u^y or fluid part containing 
the bulk of water, the augar of milk, and a small bot variable propor- 
tion of oily matl«r. Of the saline matter in milk, the phosphates of 
lime aud m^nesia oii&t in the curd, while the remaining aalu are 
tbimd in the whey. The curd, separated ii-om the whey and prepared 
in various ways, and then proascd, forma eheete. The properties of 
cheese are influenced by a great number of circumstances. Pure 
casein makea a cheese poor, hard, and lioray. The admixture of tht. 
oil or cream of the milk enriches it in proportion to ita quantity. The 
most inferior cheeses tliorefore are made from milk that has been re- 
peatedly skimmed and deprived of all its oil, while the rioheat cheeMS 
are those made directly fVoni cream (cream cheese.s), and which hence 
contain an excess of oily matter. Between these extremities there 
are all grades of quaUty, which depend upon the proportion^ the 
constituents. Thua if we n^e the new milk of the moroing, mixgd 
wiih the prcvtbas eTcning's milk that has been deprived of ita cream, 
we get a cheese of a certain quality ; if we use the tchole milt of the 
previous night, the cheese will of course be bettor ; and if we use only 
the cream of the previous evening's milk, the cheese will be aliU 
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rielier. All the conditions which influence the propertias of the milk 
itself (S34) affect also the quality of Uie chee&e. The heat, in cord- 
Uqr, should Dot be too hlgb, u it ih apt to give eiceaaive oiliness to 
tliu fatty portion of the milk. A thermometer affords more reliable 
indioationa tliao the sense of feeling. Ae «>on oa coagulation ia com- 
plete, the curd ebonld be aeporatad, as the longer It atAnda the harder 
and toDgber it is. Uaoh judgment ia required to know the proper 
qnantitj of rennet to be used ; if there is too little, the process is too 
dow, and time ia giveu for the batter to separate itself from the curd, 
while too much rennet makes the cnrd tough, and otherwise affccta 
disagreeably the aabsequent obangea and flavor of the ohecBe. The 
mode of Mparating the card from the whey, its subsequent prepara- 
tion, and the degree and duration of the pressnre applied, together 
with a great variety of other circumstances known to the ekilfol 
cheese-maker, have a powerful influence npon the qoality of the arti- 
cle produced. We Bholl refer to cheese again when speaking of preaer- 
yation (004). 

IV.— COMMON BBVERAGEa 
I. PbOPKSTIES and PBSrABATIOK OF TXA. 

col . He Tea Shnb.— Tea comrista of the prepared leaves of the 
tea-plant, a bordy shrub which grows from 3 to feet high, chiefly in 
China. The plant is propagated from the seed, and matnrea in from 
two to three years, yielding moally throe crops of leaves each season, 
When a year old, tlie young bushes ore planted oat in rows 8 or 4 
feet apart, and being cropped down so as to grow thick and bnshy, the 
tefl-Geld resemblea a garden of gooseberry bushes. The leaves ore 
picked by band in May and June, and the plant yields leaves from 
fonr to siz seasons. 

053. Wkal cauM iUkrHt vactMlM af Tt*. — Many varieties of tea of 
oil grades of quality are known in market These differences depend 
fint upon the soil, climate, enltare, &e,, of the locality where it is 
grown. Seeond, npoa the time of picking; the young ime^tpandcd 
leaves (hat are gathered first being tender and delicate, vhile the sec- 
ond and third gatberiogs are more bitter, toagh, and woody. Third, 
the mode of treatment or preparation, which cunsists in drying, rtinat- 
ing, and rolling in the hand, by which the leavea acquire their twiat«d 
appearance, and finally sifting and winnowing. Tlie methods of hand- 
ling are varloiut, and macb depends npon them. 

S63. DIbrcBM MwMa Creu m4 Black Teas, — All the different 
varieties of tea are olnssed ait either ^Mn or black. What coOBtitutei 
13 
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the real difference between these two sortfl has long been a matter of 

doubt. It woB at first aappowd that the; come from totally diffef^nl 
speeies of pknts ; but the latest accoontA a^ee that they are both de- 
rived from the same plaot, the diSferonce being in condition« of growth 
tuid modea of dciUlng with the leaves. Thej ma; be thus coDtvasIed : 



1. ColdnUd It mumd hIU. L Qran chicAj db tba dopt* of blDi 

1. L«sie9 «e ttumeil, wliheti'd ud udlcdpnor moDiiUlni. 
TOHt«il liiaoflt ImuiAUKtolJ Mllat gBLhor- i. AUDW«d lu b* epnti out In tb» ilT 

Ing. ftjT wme llinii ifti-i Ibej uro gBthired. 

a. Ther tea drlrd quickly iftcr (ha 3. Tb*; its Inoed alnat BnUl Uwrl*- 

rolllnc pnwcK : tbs whole opentlun bolng oiims Kit uid RBcdd. 
brlsf ud (Impla. ^ Tim j i» now routod ftir ■ tow ado- 

ntco, and rolled. 

S, They De eipoHd tn Hm air fcr • h« 
bpDn in > Nft molit ■UI*. 

«, LuUr. tbc; va Oitoil ilowlj btv 
chvcAO] AiejL 

It ia bj lengthened eipomre to the air in the process of drfing, ac- 
companied perhaps hy a alight heating and fermeatatioa that the dark 
color ami distinguiabing flavor are given to the block teas of com- 
merce. The ozjgen of the atmosphere acta rapidl; npon the Juice of 
the leaf during this exposore, and changes chemically the peculiar 
sabstanceo they conl^u, ao as to impart to the entire leaf the dark 
hne it finally ocqnirea. The precise nature of theso chongea haa not 
been chemically iavestigated. — (Joiisbton.) The nncbanging green 
color of green teas ia produced, says Khapp, by employing et«Bm to 
wither the freah leaves, it being well known to collectors of plants, 
that many which inevitably turn blade when «mply dried, pr*aerve 
their green color brilliant and pemument, when tbey are killed by 
steam, provionsly to drying. The same authority remarks, that green 
tea gives np mnoh less of ita juice in the drying process ; a eirciun- 
atance which fully explains its more energeUo action opon the nerrona 

C54. TvtetiM of Gre«B and Blark Tea. — The most important teaa of 
e may be thus arranged, beginning with the lowest qualities. 
Anueied is an approiimative scalo of the prices per pound pwd tot 
them in Canton. 
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TWanpny U the coArrngt and most inferior of tho greea teau. Thi 
Byim* are of a belter qnalUy, and are more widuly owd. The word 
' Hyson' is derived from Hee-otiun, the noine of a celebrated Chinese 
t«a-maker. Bymm-ikin is composed of the UgUt, inferior leaven, eepa- 
ratedifroia Hjoon by winnowing. Toujtg-Byton, Sj/tcn, and Impe- 
rial, consist of the second and third crops; while Qunpovrder, the 
finest of tho green teas, consists of the first leaves, or leaf-bads, of 
the vernal crop. It is called 'gunpowder,' troia the fancied resem- 
blance of iU small rounded leaves to gnnpowdor gruna. £ckea is the 
poorest and cheapest of the black teas, and tAkee its name from being 
hrgelj prodaced on the Boh ea mountains; Congou, fi'om oung-fon, 
made with oare,' and Sovekong, fhim se-on-chong, "a very little 
sort," are bettor varleUes. Caper comes in little balls or grains, made 
the form of capers. Pekije ia the best of all the black teoa, and 
OOrresponda to gnnpowder among green teas. Tho word 'Pekoe,' or 
Fak-Uo, means ' white down,' and is applied to the tiret downy leaves 
of the spriog growth. It is often called the Flowry Ptkoe, which is 
WToncously supposed to refer to tiio blossom of the tcn-plont; but the 
flower itself has little fragrance, and alUioogh sometimes oKod in 
ina, is not imported. 

605. CMposttlM af Tu. — ^The analysis of tea shonrs it to be com- 
posed of four principal constituents. Firtt, an arotnatio, volatile oil, 
whieb prodncM the pccnliar odor and flavor. It is of a citron ydtow 
«olor, Soata on waUT, and when osposed to the nir is quickly convert- 
ed into B solid resin by aI]no!>phcric oxygen. It has sacb a powerfid 
iwte, tliatwhen placed on tlie tongue it spreads over theentire throat, 
and exerla a panful action upon the nerves. It does not exist in the 
A«eh or natural leaves, but is prodneed daring tlie roasting proceea. 
hundred pounds of tea yield only a single ponud of the oil. Beeond, 
tea oonloins a peculiar principle called thein, a substance rich In nitro- 
gen, and clusBCd among tegetabU alkaliti, 8TKraacaB statet that or- 
dinary U» contains about two per cent, of thein; but Fklioot bus 
fiinad as much as 6 per cent, in certain green teoa, although this quan- 
tity is Tory nnasual. Theln boa a slightly bitter taste, no smell, ami 
dissolve in hot water. An infiidon of tea, tlierefore, contains dis- 
■olved tliein: and if the leaves be of good quality, ao ounce will yield 
■bout 10 grains, l^ird, tatiata or tannic oeu/, a sabstanee so named 
beconse it ia the ingredient in oak and hemlock bark, which oombinee 
iriUi leather in tiie i^ration of tanning. If a compound of iron (sol- 
pbflleof Iron— copperas, for example), be introduced into an infumou of 
IM, it turns it to an inky bloekDM^ hj predpiutiog itt taanie add. 
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tuntUl; loet with the dregs or g 
fltanoe U staled to be as high u 2l 
eiliBOatioi] by steeping, a 
it ia cnstomarj' t« eat tbei 

66S. Haw Tu l« kMt mid&— The| 
te« into a cup, and pour boiiing w 
wiUi a elialluw saucer, and lot it i 
stood Bufficicntt; long, thej pour till 
drink it hot. Various methods oi 
a knowledge of the compositiui 
in preparing its infusion. It ia diwiral 
largest poMible amount of matter whid 
them in tha liqnid. The thein of tcA ifl i 
forming a compound wliioh reqaires bo 
on Ibe other hand, tbe aromatic oil of 
ing tends to drive it off with the Etea 
water Ls nsed, the moat important elem 
t^ned ; while, by boiling, ita fragrant 
be piiTBQcd, thcreforo, is to pour boilin 
veueli, BO that its active ingredients ma 
time the Tolalile oil retained in tlie a 
coction of tea becomos nlightl; turbid, 
longer bold ia solution, is precipitated 
the surface. 
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PiuGOT procured tiom block tea an average of 38 per cent., 
kod from grecD, 48 per cenL Yet the qnuDtiUca are bj nt 
■tant, aa different aamplea of the same uolor and name id the marliet 
yield very different proportions of aolnble matter. Teas prepared from 
yonng letivca fornlBh more soluble matter than the older leaves; while 
green t«na givo more of Itght-colored, and black of dark-colored ingre- 
dienls. Tlie ginten, in which lea leaves aro riuh, is not diasolved by 
boiling water ; but water made slightlj alkaline dissolves gluten. It 
liaa therefore been recommended that a little soda be added to the 
water, wliicb would have the effect of making the tea slightl; more 
natriiioos. 

CG8. AdaKerati*u sf Tea. — Teas of all aorta are liable to the groaseet 
adnllerations. The green teos are extensively stained or painted by 
the Ohiuose, to heighten their green color. For this purpose they use 
Prossian blue, indigo, tnrraeric, gypsnm, and Ohina-day. With these 
Ingredients they glaxe or face the sarfaee of the leaves, to enc^ an ex- 
tent, that it is affirmed we nmer get pnre green tea. Other leaves are 
also often mixed with thoee of the tca-plont, by the Ohinese. In Eng- 
land, the leaves of the ilot and /Wn are mnch mixed with tea. The 
Ohinese also make a cmde and worthless preparation of swcopingsi 
I dnat, sand, leaves, and varions impnritica of the tea warchooseB, cement- 
I adwlthgnmor rice-water, which tfaey honestly call li^Ua, aad employ 
I H extensively to mix with other teas. In England, eihansted Icavec 
I are bought np, their astringent property restored by the addidon of 
I tulaehu (o concentrated tanning eilract), and colored with black lead, 
L logwood, &c., are Bold again as genuine tea. Another fraud of great 
revalenoe consists In mixing inferior qoalities of tea with the bottei 
I -aorta, and cheating the pnrchaser by selling Ihe oompoond at the price 
I Xt the beat article. To detect in^go or Prussian bine in tea, let a por- 
I tlon of it be shaken with cold water and thrown upon a bit of thin 
f BinHlln, the flue coloring matter will pass throogh the muslin, and 
Kttlo to the bottom of the water. When the water is poured off, i.ho 
e matter may be Created with a solution of chloride of lime. 
1 1i bleached, the coloring matter is indigo. If potnah makes it brown, 
I Ud afterwards a few drops of snlphnrio acud oiako it blae again, it ti 
I ftiigsian blue. — (JosHaron.) 
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2. Pbopsstibs axd Pkipakation of Comx. 
COS. The CtAe T^ aid lU See da . Coffee is the product of a plan^ 
rown eitendvely fn vann olimalM. The natural height of the tn^ 
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D 10 to 30 fe«t; but it is nsaall; pruned down to 6 or 6 tftt, 
B the crop of froit. All are familiar with the stmclor* 
of wffee Hcods; they are of an oblong figare, convex on one sido, 
and fiat, with a little strught foirow, on the other. The; are en- 
olosed in a pulp; berry of a red color, ivhich resembles t, cherr;, aad 
are sitnuted within it with their flat aides together, and isTested b; a 
tongb membrane called the parchment. The seeds are separated by 
ftrmenting the berries, crashing them under beavj rollers, drying, 
grinding, and winnowing. 

Geo. Tarlclkg af (MTee.— The best ooffce is the Arabian; that 
^rown in the province of Mocha {Mocha ecfftt) is of the finest qnabty. 
It maj be known by having a smaller and ronndor berry than any 
other, and Ukewise, a more a^ireeable smell and taste. It is of a daric 
yellow color. The Jara and Batt Indian coffees are larger and vt a 
paler yellow, while C'rylcn, Wett Indian, and Sratilian coffeca are of 
a blniah^r greenisb grny tint. 

SSI. GMirMlltM af C«lh<. — The raw coSce, as it comee to market, 
is bat slightly aromatic ; iu odor ia f^t, while iU taste is moderately 
bitter and astringent In this state its oompoMlion, according to 
Paixn, is as follows : 
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Dr. &nnniorBB states that it oontainB 8 per cent of Bane sogmr. Oof 
fee, it will be seen, contains tannin, the same astringent principle as 
tea, but in mnch smaller proportion ; and the snbstance tUelf is of 
a somewhat different chemical natnre. They both contain nmch 
glaten ; but the roost remarkable point of similarity between tea and 
ooflee, is found in the fact, that the et^/ein of oofiee is a vigetabU 
allali, with the same composition and properties as thein of tea. A. 
direct analyns of the two substances gave the following resnlt ; 



H The proportion of cafein in coffee 
H than the preceding unalyais indicatas. 



I probably romewhat higher 
It is of course Tariable ; but 
Coffee, bowover, is not tiaed 
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In th« raw or natural 8Ut« ; like 

RMLstod. 

SSS. EftcUvTrHsUigGoata.— 

The oporntion uf roiutuig, prodac«s 
Boveral important uliau^s in oofl'oe. 
In the tlrat plnre, tlio row coSbo- 
befrios ure ea toagh and homj, 
that it isTcrr difficult to grind, and 
polveriie tliem aufficiantlj- fine, that 
water maj eiort its flill solTent 
«fli'ct apon Uiem. RoaetiDg ren- 
iers tliem ;riolding and brittle, 
o that the; may be more readily 
ground ; while, at the same time, it 
tncrcttscs the smonat of matter bo- 
Inble iu hot water. If we eiainino 
I raw ooffue wed with the micro- 
ttoiw, it will bo funnd lo oonsEat of 
Ml BMomblage of ccUa, in the ctivi- 
" » of which are «een small ilrops 
of the aromatiQ volatile oil uf cof- 
fee. Thia appearance Is thuwn in 
(Fig. 104). If now we place a 
fragment or Motion of ronsted cof- 
fee nnder t magnifier, it will i>e 
observed that tjieee drops of oil 
Id the oeUe are no longer visible 
(Ftg. 108). They bave, in part, 
been dlaaipated by tbe heat, and 
io part, became more generallj' dif- 
fused throDghont the maM of tbe 
si-ed; a portion 1>eing driven lotlie 
i<ur[iu!e. ttii obvioiiB,tJiatroA*ting 
produces ocrtAla chemical changes 
in coffee, which alter its flavor and 
taste, and bring otit the peculiar 
and highly esteemed aroma for 
which this beverage Is dittingniah- 
cd. JonxBTOK rtatee that the peculi 
flavor to coffee, exiats in eitromely 
tbonsaad,) and ii ger«ratod In the 
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linr aromatic principle which givea 
minute quantity, (one part in fifty 
ruoating proooaa. The heat uIbo 
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Bets ft portion of the cofein free from ita combination witli luinic 
acid, and evaporates it. The temperature is eutGcientlj high to d*- 
compoxe tlie eugor, and diangc it to brown, burnt HOgar, or earamil 
Oofiee darkens in odor during roasting, swells much in bulk, tai 
kwGs a considerable portion of its weight, b; evaporation of its «at«r 
. and loss of other constitaenta. Coffee roasted to a reddiah brtnen, 
loses in weight, IS per cent., and giuna in balk, 30 per cent. To* 
ehetlnat broan, it loses 20 per cent, in weight, and gains 60 in 
bnlk. To a dark browt, it loses 2S per cent, of weight, and gwna 
60 in bnlk. 

&U3. m«te cMteralDE tbe RMitiig Frwesb— The roasting of coffee 
is on operation of considerable nicety,; more, perhaps;, depending 
Dpon it than upon the varied of the article itself. Coffee ia roasted 
by the dealers, iu hollow iron cylinders or globes, which are kept 
reTolving oror a fire. As the first effect ia the evaporation of m condd- 
erable nmonnt of wat«r, if tlie vessel bo close thisi^ retuned, and the 
oofleo roasted in an atmosphere of ita own steam. This is not thought 
to be the best plan, and if the operation be carried on at home, it ia 
recommended that the coffee be first dried in an open pan over a 
gentle Src, until it becomes yellow. It Bhoold then be scorcbcd in 
a covered vessel, to prevent the escape of the aroma; taking ntre, 
by proper agitation, to prevent any portion from being burnt ; as a 
fow charred grains communicate a bad odor to the rest. Il is impor- 
tant that JQst the right temperature should be attained and kept. If 
the heat be too low, the aromalio flavor is not fully produced, and if 
it be too high, the rich oily matter is dis^pated, leaving only tba 
bitterness and astringf acy of the charred seeds. The operation should 
be continncid nntil the coffee acquires a deep cinnamon or 'chestnut 
color, and an oily appearance, and the peculiar fragrance of tbe roasted 
coffee is sufficiently strong. It may then bo taken from the Bre, 
and allowed to cool without exposnre to the mr, that the aromatta 
vapor may condense and be retained by the roasted groins. CofEMj| 
very apt to be orer-roasted, and even a slight oxocfis of beat g. 
injures its properties. 

664. EOMs «f Tine apon Canci — Coffee berries undergo a ohoD 
called ripening, by keeping; that is, they improve in flavor, Ttt 
Arabian coffee ripens in three years, and it is said that in ten or a 
dozen years the inferior American coffees become as good, and a«iaire 
asbighaflavor as anybrought from Turkey .—(Ellcs.) But it is differ- 
ent after the coffee is roosted and ground. Its flavoring ingred:enU 
have a tendency to escape and il should therefore be confined in Te»- 
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■ds closed from t)ie air. It shoTild not be «xpoeed to foreign or di»- 
agrcuable odors, as it has a power of imbibing biut ezbalationa, by 
wbich it is often ii^ared. Many cargoes of coffee have beeu spoiled 
from having been shipped with, or eveo pnt into vessels which had 
previooslj been freighted nith sngar. A few bags of pepper are snffi- 
cioDt to spoil a whole ship-load of cofibe. — (Noruakdy.) 

6SS. H»d« tt ?nruiag (Iw BCTcngc — To prepare the coffee, it 
should be roasted and gronud just before using, no more being gronnd 
at a time tltnn is wonted immediately. Of coarse the finer it is re- 
daced the stronger will tie the extract from a given weight of coffee, 
one-fourth more soluble Doatler being obtjuned from cofiee grunnd hi 
the fineness of flour than from the ordinary coarse powder (Knapp), 
If a cup of good co&e be placed upon a table, boiling hot, it will fill 
the room with its ft'agranoe. Its moat valuable portion is thos liable 
U) be exhaled and lost Hedoe the same difficulty is encountered aa 
in tea malting ; boiling dissipates the mnch-prixed aroma ; bnl a high 
heat is necessary to extract the Other important ingredients of the 
coffee. It should therefore be »Ueped rather than boiled, an infusion, 
and not a decoction being made. Some nuke it a rule not to suffer 
the coffee to boil, hot only to bring it Jnat to the boiling point. Yet, a 
few mioates' boiling ondoabtedly inoreases the qnaotity of the dis- 
solved, bitter, exhilarating principle. Dr. Donovan rouommendB that 
the whole 0% the water to be used be divided into two parts, one half 
to \i» put on the (ire with the coffee, and, as soon as the liquor boils, 
taken off, allowed to snbeido for a few Kconds, and then poured off as 
cleur as it will run. Immediately the remuning half of the wnter, at 
a boiling heat, is to be ponred on the grounds ; Uie coffee pot is to bo 
placed uu the firo and kept boiling three minates, and after a few mo- 
mcuu' settling, the clear part is to be poored off and mingled with the 
liri^t. Tlie mixture now contains a large share of the qualities of Uio 
ooffeo, both aromatic and bitter. 

I see. llkallM Walcr far CeSke-Maklvg.— It is observed, that some 
Utural waters give a stronger and bettor ilavored coffee than others, 
cud this hsB been traced as inprague, to Ihe presence of alkaline mat- 
ter in those which give the most agreeable infusion. Ilence, U> obtain 
a more uniformly strong and well-flavored coffoo, it is recommended 
[o add a little soda to the water with which the InfodoD is made. 
About forty grains of dry, or twice as mnch of crystalliied carbonate 
r «f soda, are sufflcient for a pound of coffee. — (Johnston.) 

GGT. IdilleradMS af Cafie. — Ground coffee is very exteneively 
tadolterated. Varioos substances are employed for thia purpose, u 
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common has the nw of chiooi^H 
in Act, created a taste for a solatio^H 
age, althottgli it ia destitute of aay ^H 
or exhiloTDtiDgpTiridple or coffee. ^M 
adolterfitioD, and how one fraod ^^kH 
that pure chiooor; ia almost as difH 
nnadnll^rated coffee. Venetian red I 
coffee color, while briolc dust is nsl 
modify (he shade of his Venetian red.l 

SeS. Bow (ka Cbeala In Celte mtj bel 
ponred upon ouffee the liquid ocquireJ 
d<ies not become very deep Oder pi 
boiling water is employed, the infasiol 
hUU remaina clear and traDsparent. 
ponred upon roasted and gronnd chicci 
a deep brown, and in a short time is qu 
the rcsnit is still more prompt and marl 
ohicMjry in a Huspeoted saniple of col 
water, If It be pure the water will rei 
present it will be strongly discolored, 
that if the coffee should be adiilteraled 
dnce a similar coloration of the water, 
partides of coffee float upon water, a 
not molted, while chSccory absorbs wa 
of bnrnt and gronnd bean.s, peas, and 
Xha most certain u ~ 
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rs, in a nuw-colorMi, sponey substance, like that of thewatcnoelon. 

tien ahelled ont of thin flesliy pnrt, tliey are enrronndeJ by a Ihia 
skill or Iioalc, whicli forma aboat II per ceal. of their weiglit. The 
cacao bean is brittlci, of a darii bmwn color internailj, cut« like a rich 
nnl, and has a slightly astringent, bat decidedly bitter tasta. In pre- 
paring it for use, it ia roasted, in the some way as coffee, until Iho 
aroma ia fdly developed. The beoo is now more brittle, lighter 
brown in color, and leas astringent and bitter than before. The fol- 
lowing is ita composition, according to LiiiFiDirB : 



i|tb* aroma of tb« Imui,... 
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i hirgcat conetltiient ia x fiitty ilibrtanoe, called hitter e/eacae, of 
>lhe consistence of toUow, whiK of a mild, agreeoblo tast«<, and not 
'%ft Ut tnm ranted by keeping. Oncoo beans have also been fonnd to 
•'tontain a sobstuncc, in minuto proportion, not included in this analyri^ 
^>Ucd thecfironti'n, a nitrogenons body, einiilar in natoro and properties 
■W tliein, of ton, and cafeine of coSee. 

670. Fwai sf PnparadM. — It ia prepared in three ways, jflnt. 
Tbe whole boon, after roasting, is beat into a paste in a hot mortar, or 
'gronnd between bot rollers. This paste, mixed with starch, sugar, &c., 

IS comnion oocoa, Mid nnder Tarious names, aa 'rich onooa,' 
■* fluke oocoa,' ' eolnble coooa,' &c. These arc often greatly iijured 
^m the admiztnre of Mrthy and otiier matters, which adhere to tlio 

k of the beans. Seeoad. The b«an ia deprived of ita hnsk, and then 
lanuhed into fi-agmenls. Those form commercial eeeoa nibt, the pnrest 

g in which cocoa can he obtained from the retail dealer. TTiird. 
'Vto bean, whea shelled, is gronnd at once into a paste by moiuis of 
fcet rollon, mixed with sngar, and seasoned with vanitk, and some- 
-limes with otmiamon and cloves. This paste forme cboculate. — 
Poin^Toif.) 

71. B»w Uttta pnpantiaM are nedr— AVif, the ohucohite is made 
tp into sweet oakoa, sagor confectionery, iec, and is eaten in the solid 
'■Utoasanutritiona article of diet, containing fn a Bmoll compass much 
itrcngth-snataining capability. Steond, the diocolate or cocoa is 
'wira|>ed into powder and mixed witli boiling water, and boiling milt, 
%ben it makes a beverage somewhat thick, bat agreeable to the pal- 
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■te, refreehing to tlie spirits, tud highly Dutritious. Third, tbe niba tn 
boiled in water, witti which tbey furm a dark browu docnction. whicl^ 
like ooflee, 1b poared off the insoluble part of tbe beao. With «ng»r 
and milk this furms an agreeable drink, better adajited fur persons of 
weak digestion tb&n the entire bean. The bosk Ls usnnlly ground dji 
with the ordinary cocoas, but it is always separated in the moQiifac- 
tore of tbe purer chocolates. 

GT2. AdiltmtlM of ChoeoUte. — Pore or genuine cboeolBt« shonid 
dissolve in tbe month without grittiuoss, and leave a peculiar sensation 
of freahne^ and after boiling it with water, the emulsion shoold not 
form a jelly when cold ; if it dooa, starch or flonr is present. Many 
of the preparatioDB of the cocoa-nut, sold under the name of chocolate 
powder, consist of a most disgnsting miitnre of bad or musty cocdb- 
nuta, with their shells, coarse sugar of the Tcry lowest quality, ground 
with potato starch, old sea-biscnita, coarse branny flonr, animal fats 
(generally tallow). I have known cocoa-powder made of potilo 
starch moistened with a decoction of cocoa-unt shells and sweetened 
witii molasses ; chooolate, made of tlie same materials, with the ad- 
dition of tulluw and ochre, a coarse paint. 1 have also met with 
chocolate in which brick-dust, or rod ochre, had been introduced to 
the extent of 18 percent — (Normasdt.) The temptation to fraud in 
tliese preparations seems to be ns irresistible as in the case of groond 
coffee. Tliero is no easy means of detection short of refined micro. 
Bcopic and chemicfd examination, so that the only praotioable 
self-defence for the purchaser, b to deal only with traders of unqt 
tionahle integrity, where such can bo fonnd. 



—PRESERVATION OF ALIMESTARY SUBSTANCHa 

1, OitiflES OF TBEIR CaiSRBiBt-ESKSS, 



GTS. Why li It Nemar} tliat Foods iheald be PeitBbaUe t- 

plon of nature the production of force depends upon change of matter, 
and as the f^indamental purpose of animal life is the evolution of pow- 
er, it is apparent that matter which is to act as food, mast be capable 
of ready and rapid transformation. This inbereat facility of change, 
by which alimentary sobstateos are conformed to the deep require- 
ments of the animal economy, renders them extremely transient and 
perishable. If they are designed for change aitKin, the body, they 
must bo subject to change without. In order that the gluten of flour, 
for example, may pass readily through the successiye changes of the 
animal or;ganisai, being converted first into blood, then into muscular 
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fibre, and thea (lecoiii|>os(>d tar tlie derelopment of contractile force, it is 
nucesaary tbat Uiia substonoo should bo so loosol; built up, tbe ultrao- 
lions amongst ita aloma shoold be eo feeble, that slight CAUses become 
oapabk of breaklag down iu oliemical stmctnro. 

674. Ckai«c *t NBtrlrat llatWr irtlhU u4 wltliMt lb« B*dy.— It vm 
formerly tangbt tbat the living bod; is the domain of a poouliar vi- 
tal power, which Buspeods the ordinarj destmotive play of chemioal 
affinities and physical forces, but that at death the vital energy oeoees, 
and those forces rosume their nstnra) activity, cansing tbo speedy di»> 
otfoniiatJOQ of the iuaidmato organiam. Bnt this is hardly correct. 
10 vital force, or vhatovor wo may name the presiding agoncy of 
e living By«tcin, doee not suspend physical snd chemical bws, but 
only regulates, and aa it werevMi them. We have already seen thnt 
■trictly chemical changi« go on constantly in the body, and shall 
Aonly hove ocDoaiou to notice their extent (824). They are of the 
Uoo kind {otidatwru), arc carried on by the some agent {almo*pherie 
ie), and yield the same final products (carbonie acid, water and om- 
BOnia), iu both conditions. In tlio living fabric the deoompositiona 
« measnrod; while in the lifelciv body they are nnoontrollcd, and 
^ukly spread through the endro organic mass, 

ETC. CaadlUwu af Ike PeibhaMtaess af FMds.— Alimentary snbatanoM 

n by no means alike ohangonble; sumo keep longer than others nn- 

M tlie Bume circnraBlaneos. There are cfrtaiu specific causes of or- 

knic decouipoeition, nnd acconlingly as the^ act conjointly, or with 

wiablo intensity, is the ral« of pufTefactivo cMige. In chemical 

composition, vegetable and animal subiitancea ore maoh more compll- 

1 than mineral oom|>onDdB, and hence they are less permanent, 

'denerally, mineral substances are combined in tlie eimplest and 

ttoet stable way, oontiuning bnt few atoms, and eonnstiug of pairs nf 

iknienta, with nothing to disturb their direct attraetion for each other. 

On the eontrary, orgonUed snbstanoos, in some oases, contain several 

'bondred atoms, nnd consist of three, four or five diSereut elcmonU, 

Joined by ouniplex affinities intO/dclicat« and fk-agile oombiuations. 

Te have seen, in spooking of fermentation, that olbuminona substnn- 

MB are, from this oauae, moat changeable, and ore universally present 

1b subetancoe designed for food, Walm" is a large constituent of 

■11 alimentary bmlioe. In their natnral Etat«, and is highly promotive 

chemical diangra; ludeed, it is iudispensable to tbem. Tern- 

rutare eierts an oil-controlling influence — warmth fevering, and 

aold retarding, or arresting, these transformations. The atmospbcria 

dium, which is in eontact with erery thing, ooatdoa an elemeiit 
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wbicb is the cTer-aclive &iid etem&l enemj of organization, 
intiablo hunger of oxygen gas for the elementa of orgtinio 
is a universal csose of decomposition — it is the omnipresent di 
conHmning alike the Imng and the dead (662), Pntrefactive decay m^ 
alw) be proTented by cerltun cliemical Babstances which are nsed for dja 
purpose. A knowledge of tlie laws ftnd coaditjona of organic decom- 
portion, has led to various practical methods of coatrolUog it, whkli 
oonatitate the art ofpraervU^. 



2. pBKSKavATioN BT EicLtrsjoir off Ant. 



GT6. Oijpau ■■ csdUr of decaf. — Other conditions being &i 
ahlo, lliat ii, moisture being present and a proper temperature, 
of air starts decompOBiiJon, — it is the prime mover of the destmotM' 
procesees. We have already noticed ita mode of action, in speaking of 
fermentation (48S). In the case of vegetables, as polatow and apples, 
for example, if the air is excluded from their interior, thejr remain 
for a considerable time sound. Bot if we cut them, the oxygea 
quickly attacks the exposed surface and turns it brown, indica&ig the 
incipient stage of decay. Whan the anrface of traiU and regetahlea 
b injured, so that their jaices come in direct contact with the air, the 
effect is at once seen. If an apple is bmisod, the injured spot 
diately tnms dark, and decomposition ^adnally spreads bom 
point, until the whole apple l>eGoines rotten. The jaice of the 
grape, while protAed from nir by an unbroken skin, 
and Hcorcely changes ; it may be dried and converted into a rairin, 
its sweetness remaining. If it be crushed nnder mcrcnry, and the 
Jnice be collected in a gloss completely filled with mercury, so as to 
prevent all contact of air, it will remain unchanged for several days. 
Bnt if air bo once admitted, as by perforating the grape-jkin with a 
needle's point, fermentation oommenoes almost iDstantaneonsIy, and the 
juice is soon entirely changed. The same is true of all animal fluids. 
Milk, while in the udder of the IieaJthy cow nndergoea no change, 
but in contact with ur, its properties are soon totally altered — it is 
soured and coagulated (547). When life has been destroyed by bodily 
wounds, de<M)mpoBition spreads from tliem ; or if the animal have not 
died by violence, the changes may begin internally in those parts, 
SDoh as the lungs, which are in contact with the air. 

GTT. Cbuges begaa kj eijgin Hsy pnttei iritbeal It.— It is by 
means necessary, in all cases, that air sliould bo in conilant 
with the changing substance; the decnmpositi' 
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MMj oontinne, thoagh the oijgea be entirel; eictaded. Uilk, if on«* 
exposed la the ur, coogulutes and boots, tbongh eesled np in ur-Ught 
vemula. Grape Juice, tliough oxygen be completely cnt off, fcrmenta, 
generates gnses, and oHen explodes the bottles m which it ia conGced. 
Tbo iupolao of dLftorganizatiOQ being given, decomposition goes on 
withoDt further external aid. To explain this, we taaat snppoge that 
the atoms of the chaoging eabstAnce were at first in a kind of rest or 
equiUbrimn, without mctna] nctiTity, and that h; the inTasion of oxy- 
gen, this cquilibriom haa been distarbed, bo that the elements of the 
■ubdtonco begin to act and re-oct upon each other, giving rise to new 
products. In this way, a state of change commenced by merely jost- 
ling a few surface atoms throngb contact of oxygen, is propagated by 
intestinal aotion tbrongbout the entire mesa. 

GTS. Itow ehugu bcgu bj Oiygu may be itapptd. — " Tlie property 
of organic eabstances to pasH into a state of fcnncntution and de(%y 
in conlACt with atmospheric air, and in consequence to transmit these 
■tates of change to other organized sobstaacea, u anttikilaled tn alt 
nit exception, by heating to the hailing point." — Lams. 
'Dm anhstonce most prone to be affected by air-contact, is liqnid albn- 
I men i and this by boiling ia solidified, and so altered in properties, as 
o its pecnlior sosceptibiliCy of transmutation. The boiling cer- 
tainly obhterates the effect that oxygen has produced, and as tbo 
fttouia of matter have no inherent power to put themselves in motion, 
I Md cannot change place unless inHnencod by some external canse, it 
' fc ubvioos that the nntritive substance will remain unaltered ifVu 
r u krpt KCfluded. These fiicts bdicate the most certain, muiage> 
I alle, and perfect method of preserving alimentary substances. By 
L iliuply heating to the boiling poln^ which produces no other change 
n UiM at partial oooking, and afterward protaoting from tbo nlr, 
[ ^Umentory sabstanees, both animal and vegetable, may be prcsiTvcd 
I ID their nstnral condition entirely nncbangod in both flavor and pro- 
perties, for on indo<iiiit« period. This plan was first hrongbt into 
general notice by M. Api'Kbt of France, in 1809. He preserved all 
kinds of fruits, regclAblcs, meats, eonpe, Ac, in gloss bottles. Ilia prac- 
Haai uelhods, however, were crude and unsntisfactory, and have been 
■operseded by others. Captain Boss presented the society of arts with 
K box from the bouse of Gahbls and DASKin (London), which non- 
I tained cooked provisions sixteen years old, and that were in a stat« of 
perfect preservation. The details of the preparation on a Urge soola, 
I' M practised cliieliy for marine oonsomption, we have no space bera 
L It describe. The vegetables, meats, ponltry, ftc;, are cooked predMly 
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la tho ftome manner os for imtnediale coDsiunption, tnd then moU 
np in boles and ranistora whieh do not contain a particle of air. 

CT9. DtBtsUe pnMmtln In alr-tlgkt TOith. — The ]ire>iKrvalion of 
delicate fruit and vegetables in air-tight cans, has now become qoita 
generallf a household operation, and there can be no doubt that m 
people acquire Ktperitnoe in the proccBs, they will employ it modi 
more eitensively. Of this process Prof. Liebiq remarks, "The pre- 
pared aliments are enclosed in canistera of tinned iron plale (609), 
the covers are soldered air-tight, and the canisters exposed to tfaa 
tempcrstore of boiling water. When this degree of beat has pei>»> 
trated to th« centre of the contents, which it requires about three or 
four hours to aconiplish, the aliments hare acquired a stabiUtj' wbicli 
one may almost saj is eternal. When the canister is opened, afltr 
the lapse of several years, the contents appear just as if tliey wore onlj 
recently enclosed. The color, lasie, and smell of the meat, are com- 
pletely unaltered. This valonble method of preparing food, has been 
adopted by many persons in my neighborhood, and has enabled onr 
honsewives to adorn their tables with green vegetables in the midst 
of winter, and witJi dishes at all timea which otherwise could be ob- 
tuned only at particular seasons." 

680. Caain«n tlosed kf stlderlnf— Perfectly tight tin canisters o^ 
almost any convenient shape ore provided, and the article to be pre- 
served, Eometunes raw, but generally cooked, is placed vrithin it, and 
the lid soldered down. Tlie lid, is however, perforated with a small 
aperture or pin-hole. The canister is then placed in boiling water, and 
the moistnre wittiin is converted into steam which drives out the air. 
The boiling is continued as long as may be required totally or partially 
to oook the contents of the can, which is then withdrawn, and ihr 
pin-hole closed with solder. Tliis is an operation of coQ.'<i(]erable 
nioetf. The heat drives out not only air contained in the canister, 
but (dso a jet of steam. The soldcrer, therefore, lets fall a few dropt 
of cold water on the tin around the aperture, prodacing a momentary 
oondeiisatjun of the steam, during which the pin-hole is desterously 
closed. Tho delicacy and snooess of the operation, consists in carry- 
ing the condensation only so fur as just to arrest the Jet of steam, and 
in closing the opening at the instant. Alter the canister is closed. 
It is again espostd with its contents for a short period to a boiling 
heat. 

681. Spratt'i Beir.«Mlfaig Cans. — In many cases n tinsmith maj not 
be near, and tlie soldering operation for closing the canisters will be 
quite certain to foil in the hands of tho inexperienced. To obviate 
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tills difficulty, other ammgemeBta have been coutriveil. SrEATT's 
cans' are oblong tin cylinders (Tig. 108), liotding from & quart to a 
gallon, which are closed with a Mrew acting npon a ring or 'com- 
presa' of india-robbur, and then hcrmBticftUj sealed with beeswax. 
The cloaiire is simple and ofibctnal, and can be managed with a little 
care by any body. The nrtiolcs being introduced into tlie con, the cap 
is screwed down tightly aith tkefingert, and the can anbinergcd in a 
boiler of cold water, which is then raised 
to boiling. Afler boiling a sufficient time 
they Bra withdrawn, the cai>a nnscrewed, ^ 
and the cauB left open for one minnte. 
the previoos boiling has been thorough, I 
steam will escape freely. If it does not I 
80 escape, the boiling most be repeated. I 
The cap is then screwed down, this time I 
very tiglitly, vUh a vireneh prtnided, and I 
the can introduced into the wat 
!>oiled a second time. On withdrawing it I 
Hguin melted beeswax is ponred Into a I 
little channel or groove, which roalcee the 1 
sealing perfect, if the cap fits and is tightly 
screwed down. In all cases tijere are a 
loast two boilings. The second might be 
thought unnocesaary, but it is not. The Tossel most be opened, that 
the steam may drire out the air, and there is always tlie pomibility 
that a trace may be left. IT so, during the second boiling the oxygen 
will be entirely convert«d into carbonic acid, which is innoxious. As 
vfte rosolts of large experience the times reqiured for [he Imiling are 
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I. faggtMw MBMratag tke ue sf Uc Caaa>— IToDe bat perfbotly 
I fre»h sound fruit e^hould bu put up lit the aiM)ve manner. It \a nooat- 
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mended that peuhea, quinces, peon and apples be peeled, snd 11m 
weds removed before preserving, as seeds and peel embitter uid otlier- 
TJM Injore tlie flavor. ' Peach etoaes contain traces of Pmsie add, a 
powerfbl poJBon, which, if the fruit be preserved whole, ia liable to be 
diffiued through it, Fraits ore prwcrved either with or witfaoot 
■ngnr; if withont, a quarter of a pint of water should be poured over 
ever; quart of froit while in the can. If the frait is to be sweetened, 
make a eirnp, and poor on It in the con, until it is nearly fUl. A 
simp for Bammer fruits is made bj adding a pound of cmsbed angar 
to a pint of water, and boiling two minatea. Terj acid frails, auch 
as qtiinces Bad plams, require a stronger aimp, saj ]| lb. engar to a 
pint of water. If the cans are not perfectly tight when the steam 
condenses within, farming a Tocanm, the external pressure of the mi 
ma; drive the soft beeawaz id through the crevice. Alimeota wdl 
put np will keep in a room at nnj temperature ; if the cans bulge, it 
is a ugn of development of gas bj internal decompoution, and iheii 
coat«ntfl will not keep. 



, Pbesbrtatioh at low Temfebatfbeb. 



CSS. iBliCBce of TeH^aralira. — Degrees of temperature exert 
absolute control over the doration of alimentarj compoBDda. ^t I 
their juices are congealed, and the; remain totally unchanged. At a 
few degrees above the freBzing point changes are very dow. As we 
Moend the scale, the oonditions of mutation become more favorable, 
eicapt in the case of albumen, which is rendered more enduring by 
the heat of ooagnlation. In all other coaes decomposition proceeds 
more rapidly as warmth increases, until the point of quick dSsorgani- 
tation, charring, and active combustion is reached. 

684. Freulng as a neau af Preserrlas, — Congelation, therefore, may 
be resorted to as a means of preservation, chemical action being im 
possible whore the substance is redaced to a solid state, Kemarkable 
cases are on record in which the bodies of animals have been disen- 
tombed from masses of ice, in snch a state of preservation that the 
flesh was lit to support nntrition, altliongb thoy had been wrapped in 
ice for such a vast period that the race to which they belonged had 
become extinct. It is customary in many re^ona to preserve freeh 
meat by freezing it, and packing in snow. Some 'object tliat the 
flavor of meat is injured by freoiiag ; but the Kas^ans, on Jho con- 
trary, insist that it ia improved. Great care is necessary in thawing 
all frozen nlimenta, whether meat, fish, or vegetables. It should be 

) slowly, and the bast way is by inunereion in very ould water. 
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A Btiell of ic« will be formed aroimd them, as wo bave often seen in 
* taking the frost out of applet ; ' — the water in contaut with the Hnr* 
fkce being frozen into a scale, b; parting with its boat to thaw the 
froxen apple within. If thawed too rapidly, bs hj placing them in a 
warm room or in hot water, the taato is impaired, and the oompoeition 
of the BObstnneo so affected that pntrcfaution is rapidly brought on. 
One of the effects of freezing &nd thawing potatoes and some fraits, 
is Co increase tlio mnoont of BBgar, as shown by their sweeter taste. 

SS6. Law Tt^pentirM tfn Freedag— RefHgenlen.— We command 
jow lompenitiiri.<s by collura, and the ose of ice. Eioavations mode 
Mow the mrtitee of the ground have a temperature couunun to the 
•nrromiding strata of earth, which is cooler the deeper we go for 
nearly a hundred feet The temperature is also very constant, the 
extremes of winter and summer being both excluded. The temper- 
ature of good cellars (40° to 60°), is below the range most favorable 
to potreloction (90° to 100°). By the nee of ioe in the ice-hooM 
or refrigerator, the temperatore 
may be kept down to within 6° ^"" 

or 10° of freering. At those 
points changes proceed slowly, bo 
that meat admits of being kept at 
this degree of coolness for a ooa- 
Mderable time. It is said that 
meat sbonJd never be coffered to 
(ouoA ice, as It is toughened and 
otherwise injored. The refHger- 
ator is commonly a rnde, shelved 
boiA If opening at top, it Is 
troublesome of aooess and diScnlt 
to make Its qiaoe available. If it 
bave doors at the sides, the cold 
air Sows out every time it is 
opened; and if the Ice Is placed 
at the bottom, tliero is no circa- 
laliou of air or means of cooling 
the upper space. A. S, Liiuit, ofN.Y., has obviated these defects by 
a newly devbed arrangement (Fig, 107), The loo b placed in an oppor 
olianil".T over a gruU opening to the flue a, through which, Ice-cold 
air oonalaatly falls. The body of the refrigerator is occupied by three 
drawers, b e d, e being roproMnled as partially withdrawn. Tlie cold 
■ir fills these dr&wcra, and as it becomes slSglitJy warmer is pressed 
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upward in the direction of the airowa, and re-eooled by contact will 
the ice. It descends again throagh the flue, the lemperatnre t>f tl» 
whole refrigerator being thu8 kept down nearly to freezing. The 
waste water 19 caught at ff. The arrangement of drawers makes ihi 
whole space available, and is as convenient as & commoD borcu. 
When one is partially withdrawn, as at «, the air in, it being heavier 
than tlint of the room, does not escape, while the circnlation of lurooa- 
thinea within. There is also a twofold means of purifying the air. 
At / there ia a filter consisting of a wire-ganie box, through wbicb 
the nir passes and is disinfected. When it comes in contact with tbe 
ice, it is condensed and ItamoiBtnre depofdted, so that it baa a real dry- 
ing effect npon the articles to be preserved. The water constantly form- 
ing by the melting ice ts highly absorbent of the gaaes set frc« by de- 
composing food, so (hat these imparities ore constantly washed oat of 
the air in its progress. The charcoal filter, in effect, divides the space 
into two refrigerators; thus preventing articles in one from stnetlingor 
tasting of those in the other. Cars are coDStracted npon this prin- 
ciple, in which meat is transported from the Weatem States to New 
York in BOmmer. 

S86. KMplig Fnlls M low Tenpentnrcs. — Tlie most important fact 
relating to the oomposition of frnits is the large proportion of water 
they all contain, and which consUtntes the bulk of their peculiar 
Juices. From three-fourths to nine-tenths of them b^ng Uqmd, we 
are to regard them as consisting of a small amount of solid matter 
dlffosed through from fonr to ton times thdrbnlk of water. This con- 
ditjon is eminently favorable to the action of frnits npon the organs 
of taste in their n.;tarnl or uncooked state ; being in a kind of pulpy, 
half-dissolved wjndition, they are ready to take prompt effocL^pou 
the pappilce of the month. Bnt the same property of fmits which 
adapts them m perfectly to onr gustatory eqjoyment, ahort«nB the 
time when they con be so employed. Their abounding moisture 
fiivors decompoaitioD, and they are hence perishable and ahort-Uvcd. 
Yet by proper management fruita may be long preserved in tt fresh 
and perfect state. Yegotablcs and jnicy frnits, as apples and poocs, 
con bo preserved for niunths in cellars where the necessary worratb 
for inducing decay is not attained. Sometimes fruit, as many varieties 
of apples, are not really ripened at the time of gathering, buttmdetgo 
a slow change during the winter months, their acid principle being 
converted into sngor. To behest preserved fruit shonld be picked wbea 
perfectly dry, at a time when the atolk separates easily from the spar. 
Apples and pears ahonld Lave their stalks or "stems "separated from 



* BT DBTING. 809 

tbe tru, and not &om themselveB. The Dtmost core ehonld be ob- 
served to proToDt bmisea or contnsioiu ; some have implements for 
^ollecling the most valuable kinds of fniit, 9u bb not to touch il with 
the hand. The moet delicato kinds do not bear handling or wiping, 
aa this rubs off the bloom which, when allowed to dry on Bomo fhiita, 
constitutes a natural varnish, cloaiog np the pores and preventing the 
evaporation of the j Dices. Apples have been preserved a jear in a 
fine fresh condition, hy keeping them in an atmosphere within ten 
degrees of tbe freezing point. Ounatanc; of temperatnre is important, 
as olteroations of heat and colil, bj contracting snd expanding tbe 
joieeR, seem to favor ohemica! changes. Grnpes, cherries, cnrrante, 
gooseberries, and other soft frnits have been preserved for use in win- 
ter by gathering them when not too ripe, and when Very dry putting 
tboni nnbmiaed into dry bottle*, wliicli ore oilerwards well corked, 
and then buried in the earth. Tbe efficiency of this method of pre- 
oerving is increaaed by immersing the bottles oobtalning the frait foi 
a few minotes previously to corking, in hot water, which coagnlatea 
tlio vegetable albumen. The preservation is here duo to the joint in- 
fliiciico of exclusion of air, and a low and imiform temperature. A 
frTRKTrntory for fhiit, or kind of refrigerator on a large scale, has been 
devised by Mr. Pabkes. The fr^it, picked cjirefnlly and onbrniMd, ia 
conveyed at once to tbe preservntory, where the temperatnre b 
down nearly to freezing. The plan requires that ice bo supplied iLe 
prcvioos winter, 

4. PRESEBVATioir BT Dutino. 

687. BtlcBtlM tt Water ti Fnlb ud Tt^UUfo.— As nature placea 
water in lai^ quantities in organic bodies, in many coses she 
takes dne precautions to keep it there Unripe potatoes and unripe 
apples removed from the parent stock shrivel, shrink, and perish. 
These eflbcta result from the porons condition of the immature skin, 
which pennila the water within to escape by evaporation. " But 
when ripe this porons covering baa become chemically changed uito a 
tliin impervious coating of ecrt, through which water can scarcely 
pass, and by which, therefore, it is confined within for montlis tv- 
gether. It is this oork layer which enables the potato to keep the 
winter throngh, and the winter pear and winter apple to be bronght 
to table In spring of their foil dimensions.'' — (Johkhtos). 

GSS. L«i tt Water n a ■eui af Praerratlei. — Tet as organic snb- 
stances may be kept by tolid^fying the water, that is,* freezing tlicm, 
tliey may also bo prescrvol by aithdrmeirtg it. Both vegetable and 
animal subatoncM are extensively preserved in this way. Drying b a ^^^ 
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Idod of duorganization of the alimentor; bodj, its largest o 
being remored ; jet, in thia case, the lost ingredient nuiy be aOd 
•gain, and the eabsbuice brooglit into a condition more or kMit- 
Bembling the natnral state. Drjing is «fiect«d either b; nmpb 
eiposare to the sun and air, or bj artificial heat of a higher intensn, 
applied in varioas wajB. Both methotts are quite practicable, ha 
have their diaadvantagos. Drying in the air ia necassarilj a dow pro- 
ceas, so that there ia danger of monlding and fermentatioD ; the inV 
stances require to be made emaU or thin, and as the air itself is mot^ 
the drjing can nerer be compkle, but only reaches a certain pdOL, 
and then fluctuates with the varjing atmospherio dampness. On (b* 
other hand, when artificial heat ia emplojed, as in kiln-diying in oloM 
apartmenu, it iFobTions that the foods are liable to he mudi altered 
in their nature. The starch may bo dissolved, or altered to gnm ; ih* 
Bugur browned and changed to caramel, acqniring a bitter, disagree- 
able taste, if the heat of the drying chamber be too high; while if ilie 
temporfttnre be not higher than 140', the albumen may be dried bo as 
to dissolve agiun in water; if higher, it Is coagulattd, and remains 
insoluble, 

689. PrtMTTUg SaKBlent TegcMNM.— These, if expcaed to the air, 
evaporate their moisture, wilt, and lose their crispness and freBhaesa. 
A dump cool placti is best to prevent these changes for a time. Ifany 
are kept soundly dnriag wmter by bnrying in the earth. M. Mubox, 
head gardener to the Horticultural Society of Forin, has described a 
mode of preserving succulent vegetables by drying and compre^iou. 
He prcjiores cabbage, cauliflower, potatoes, spinach, endive, celery, 
parsley, &o., in anch a manner that they keep for any length of time, 
and when soaked in water resume much of their original fireshnees 
and taste. They are chiefly prepared for marine consumption. The 
packages of dried vegetables ore covered with tinfoiL Dr. Ausxll 
speaks of a specimen of dried cabbage as follows : " On opening the 
package the contents, which formed a solid cake, were seen to cousin 
of fragnienta of leaves of a yellowish color, interspersed here and 
tbere with some that were green. In this stat<i it was di£Bcolt to ds- 
termine what the nature of the vegetable was. Soaked in hot wMtf 
for about half an hoar, it gradually underwent a groat expansion, so 
that it acquired several times ila former bulk. When eiamined, it 
was evident at a moment's ghmce that the vegetable consisted of the 
sliced leaves of- Ihe white-hearted garden cabb.ige, prceentiog the ^ 
pcaranoe and color, and possessing the taste and imdl, to a reumrk^)!^ 
uteut, of the vegetable in its recent state," 
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6. PERaEBvmos bt AsnaEiTioe. 
}0. Bcawkatta prtrcrtlM aT (•■■« Salt. — AnttMptie* tm op- 
poaera of putrefactioa. Certain bodice when ndded to organiMd 
I mbstauces, poadesa the pon'or of resisting or preventing their pntre- 
ftcUve decompoeitioo ; thej are numerons, and act in variuns ways. 
Those used fbr preserving alimcnta are ealt-potre, sagar, alcohol, 
oreuBou^ vinegar, oil, and commun salt. However 'common' this 
last BobgUnce ma; be, we ahall nevertheless be interested in giving it a 
momeot's attention. Thongh mild and pleasant to the tasUi, it Is 
composed of two element^ one a jellowUb green, snSbcating, poison- 
ona gas, chlorine, and the other a bright silvery-looking metal, lodivm 
(boDce the chemical name of the sabstanoe ehloride of todium)^ 
When the«e two elements are brougbt together, thej nnite epontone- 
ODsl; ; and yet so prodlgons is the force with which they combine, so 
enormons the condensation of matter, that ottbongh the sodium tmitea 
iritli more than five bnodred times its balk of the heavy gas, yet the 
u^ompoimd formed oo^piee leu space *k to*. 

[ tban the solid sodium alem did before ". - '" '''\^^^=^ ~ 
^|be nnioD. No known mechanical foroO 
Uoald have aocomplishod thio, yet it re- 
sits from the agency of chemical af- 
'nity (FujuDAi). If a lump of oom- 
1 salt, (it occars in large masses in 
F|)te shape of rock tail,) be cut into the 
'a tliin plutc, and held before a 
i, it doca not stop the hent-rays, but .-z 
I the dngnlar property of penaitting -^ 
o dart through it, as light doea ~ 
roogti glasa — it it the glaii ^ htat, A 
indred Ibfl. of wat«r, hot or oold, dia- 
~ e ST of salt, forming a tatwralti to- 
tm or the strongest brine. When the 
r. briny solution evaporates, the salt reap- 

^•jaars in the sohd form, or cryflallizea. Ho* «t*^^^™™o» »lt « 
> crystals are cnbe sh^>cd; if the evaporation takes place alorly 
1 large, bat if it be rapid, they are small, and formed in a 
kmrioiiH manner. BesnlUng from ernporation, tJiey are natnrally 
K^tnruul at the sorfuce of the liqnid, and prceeat the nppeoranoe of little 
nihoe, BB shown in (Ilg. 108), where the solid crystal is up- 
t borne or floats in a little diepresBion of the fluid anrfoce. New crystjdf 
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D form, which are joined to the first at iu fonr upper edgea, «on 
g a. frame above the first little cube (Fig. 109). Am the whob 
9 into the fluid, new crystals are gronped nronnd the firat 
frame couatittitiDg a secODd (Fig. 110). ADOther set added in the 
same wa; gives the Rppearance Bbown in Fig 111. The conaeqaenoe 
of tim arrangement U that the CTTStola are grouped Soto hollow, 
aided pyramids, the walls of which have the appcaraace of steps, 
cause the rows of small crystals retreat from each other. This 
of gronping is called kopptr-thaptd (Fig. 112). 

591. Snrm aad PuUnlloa of Salt.— Salt ia obtained from 
sources; jtrtt, it is dtig from (lie earth in miniw, in large masses, Kte 
transparent atanta (rock tail); uconif, it is procured by evaporating 
sea- water (pay tali); and, third^ by boiling down the liqtiid of brine 
springs. It differs very much, in purity, from different sonrccti, being 
in many cases contaminated by salts of calcinm and inagnesimn, which 
render it bitter. Pore salt,' in damp weather, attractH water from the 
atmosphere, and becomes moist, bnt parts with it again when the 
weatlier becomes dry. Bnt the chlorides of Akiiim and magnesion) 
ore much more absorbent of water, and hence, if the salt is damp and 
mobt when the air is dry, we may infer that a large propnrtkio 
of these sabstaDces is present in it. Bait, for certain cnlinaiy 
poses, as for salting butter, should be perfectly pare. Its bitter 
gredients are more readily soluble in water than is the salt 
henoe, by pouring two or three quarts of boilbg water upon ten 
twenty lbs. of salt, stirring the vhole well now and then for a couple 
of hoars, and afterwards straiumg it throogh a dean cloth, the ob- 
DOxioas sabstances may be carried away in eolation. Among tbs 
purest, is that called Liverpool salt, which is an English rock-ealt 
from the mines ; dissolved, recrystallized and ground. 

CSS. Hot talt prMcrres neat. — Salt is more widely nsed than 
other agent in conserving provisions, especially m 
known that when fresh meat is sprinkled with dry salt, it is found 
after a few days swimming in brine, althoogh not a drop of waUr 
has been added. If meat be placed in brine it grows lighter, wbtle 
the quantity of liqoid is increased. The explanation of this is^ 
that water has a stronger attraction for salt tlian it has for flesh. 
Fresh moat contains three-fourths of its weight of water, which is 
held in it as it is iu a sponge. Dry salt will extract a large part of 
tills water, dissolving in it and forming a saline liqnid or brine. In 
this case, the water of the meat is divided into two peria; one Is token 
up by the salt to form brine, while the other is kept back b; tba 
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meat. ThQsalt robs theineAt of one'thinlorotic-balf the wnter of its 
jaiiw. Baiting is therefore only aa indirect modo of drying ; tlio chief 
canw, perbspB, of the pre»ervntioD of tho meat, being, that Ibere is 
not EQffieient water left ia it to allow patrefacdon. The snrrounding 
brine does not answer this purpose, as it does not act upon tho meat; ita 
rcidtion to flesh bebg totally different to that of fresh wat«r. Iffreah 
wat*T hf applied to a piece of dry meat, it is seen to have a Btrorg 
attraction for it, bot if we D»e even a weak eohiCion of salt, it llows 
over it wetling it but very imperfectly. 

CSS. HaiTBcatlslRjimdkriiltiig. — The aeparation of water from 
the fibre of meat abriDka, hardens, and conaetinently renders it less di- 
gestible. It is quite probable, alio, that the aalt, iu some way not yet 
onderstood, combines with the Shre itself, rhns altering injurionslj 
ilfi nntritive proportiea. PaauR^ tbiuks that the separation of water 
ia not sufficient alone to acconnt for ita preservative action, but that 
it mtiiit pn>ilnco iwne farther unexplained effect upon tho mosentar 
timno. The main and well ■established injury of salting, however, ia 
cnnsod by the loss from tlie meat of valiiable constituents, which e«i)t;)o 
along with tho water wbioh the salt withdraws. It bas been shown 
that the most influenUal constitnenta of meat are dissolved in itsjuico 
(471). The salt, therefore^ really abstracts the juiee offish with ita 
albumen, Creatine, and valuable salts; in fact, the brine is found to 
ooDtnin lim chief soup-foaming elements of meaL BoltiDg, therefore, 
exhausts meat far more than simple boiling, and as the brine is not 
ronsume<1, but thrown away, the loss \s tf ill grciit4j In salting meat, 
however, there happens to bo a slight advantage remilting from ita 
impurities, lime and magnesia. Tlieae oro decomposed by the phos- 
phoric acid of tlie juice of flesh, and precipitated upon the surface, 
forming a wliite crast, which may often be olmerved upon salt meat; 
this oonstitnont, therefore, is not separated in the brine. Saltpetre 
lias a proeervstive effect, probably in the same way as common salt, 
but it is not so powerftil, aud unlike salt prodacea a reddening of the 
animal fibres. A little of it is often nsed along with salt for tbia 
purpose. 

SM. MO^E VtgiUUifc— These m^r bo preserved by salt, as weU as 
Bcsli, but it is not so commonly done. In salting vogetablea, liovever, 
a fermentation ensaas, which gives rise to laelU acid. This is the 
mse in the preparation of taatrtraul from cabbages, and in salting cu- 
cumbers. The brine with which both vegetables are siirroundiid is 
found strongly impregnated with both lactic and butyric acids. 

fcS9S. FrMtrratlen tj Siiar.— This is chiefly employed to preserve 
U 
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fhiite. Vany employ both sugar and molasKs for tlie praserrodoii of 
meat; ■ometime* aloae, bnt niore commoDi? united with aaiU Tb» 
principle of pr««erving bj means of mgar is probablj umllBr to that 
of SAltiog. In the caec of froite, the «ngar peaetrates within, changing 
the juices to a eirnp, and diminiahiog their tendeDcy to fermentaliotL 
or decompoM^OD. Weak or dilate solatious of engar are, however, 
vei7 prono to change ; thej require to be of a tliick or nmpj congist- 
enee. Eh<ut states that the drops of water which condense from 
the state of vapor on the Bides of the ressels in which the preeerres 
are placed, are often sufficient to induce incipient decomporation, b; 
dilating the upper layers of sugar. The effect of the acids of fruits is 
gradually to convert the cone sngar into nncrystallizable and more fei^ 
mentablo grape sugar. 

696. Preserrlag hj UmM aad •tkernbrtaacca. — Strong alcoholic U- 
quors are used to prevent decomposition ia both vegetable and animal 
bodies. Tbey penetrate tlie substance, combine \iith itd juices, and 
aa the oi^anic tissues have less attraction for the spirituous iniiture, 
it escapes; and the tissues theraselvea shrinli: and harden in the tame 
way OS when salteil. Atoohol also obstructs change by aeiiiag npoa 
atniMphcrio oxygen, in virtue of its superior attraotitn for that ga^ 
and thus preventing it troat acting npon the scbstance to be preserved 
Vittfyar is much used for preserving, but how it acts has Bot been ex- 
plained. Spiaa exert the same influence. OretnoU, a pODgeal coia> 
ponnd existing in common smoke, and which starts the tears wfaan 
tbe smoke enters the eyes, is a powerful antiseptic, or preventwrf 
putrefaction. Meat dip[>ed for a short time in a solution of it will not 
pntrety, even in the heat of summer. Or if exposed in a doae bos to 
the vapor of creosote, the effect a the same, though in both case* tte 
amount producbg the result is extremely smolL The preaervaliT* 
effect of smoke-drying is partly due to creosote, which gives to tha 
moat its peculiar smoky taste, and partly to desiccation. MJ is bat 
lltllo employed in saving alimentary substances — two kinds of fi^ 
aiKhavui* and tardUnt, are preserved in it. Chttreoal has always been 
ranked as on antiseptic or arrester of putrefaction; hot it haa bMB 
lately shown tliat it is rather promotine of deoomporition. How ttui 
Is, will be explained in another place (811). 

6. FsEaEitvATioii OF Milk, Buttkb, abd Onnsx. 
GST. Mtdca tf prMcrrlig Hllk.— Tlie cause of the souring of milk 
we have seen to be the action of oxygen upon its casein, which alten 
the sugar to add (MT). Ii; therefore, tbe milk be tightly bottled, and 
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then boiled, the fermenlBlive power of the cordy matter is destroyed, 
anil it may be kept sweet fur seTeral months. When, however, the 
milk is ageia eiposed to the air, the curd rcsumea ita power of ttctiog 
npoD BUgar, and acid is again formed. When milk is kept at a 
low temperatnrp, the cold retards its changes. If the Tessela contatn- 
ing it are placed in a running itream of cool water, or in a pla<?« cooled 
by ice, it will remain oool fur several days. Ujik may also be pre- 
vented fhnn sonring, even in warm weather, by adding to it a little 
soda or magnesia. The alkali destroyes the aoid ns fast as it is pro- 
duced, and the liquid remains sweet. The small qnantity of lactate 
of soda or magnesia which is formed, is bnt slightly objectionable. If 
milk be evaporated to dryness at a gentle heat, with constant stirring, 
it forms a pasty mass, which may be long kept, and which reprodnces 
milk when again dissolved in water. Alden't coneentrated mith is n 
solidified pasty prepftration, made by evaporating milk, with sngar, 
and affords an excellent anbstilute for freeh milk, in many oases, when 
diMoked in water. 

069. VmttMti Batter ^ikklj vans— BQtt«r when taken from the 
elmm contains more or lessof all the ingredients of milk, water, casein, 
RDgar, lactic acid, whicli exist in the form of battermilk, diffused 
through the oily mass. Obstkkdi. atatea that tresh hotter yields 16 
per cent, of these ingredienta, chiefly water, and 7i of pure fet. Xu 
this state butter cannot be kept at all. Active decomposition takes 
plneo almost at once, the batter acqnires a bad odor, and a strong dis- 
ngreeable Insle. Tlie casein passes into inoipont pntreaoence, generat- 
ing olt'eusive componnds, from botli the sngar and oily matter. 

COS. BiUcr Pirllei bj NeckaBkal VtrUag. — It is obvioos, therefore, 
that in order to preserve batter. It must first be freed fWim its bntler^ 
milk, whicti is done by working it, over and over, and pressing or 
squeezing it, whioli causes the liquid slowly to oom out and flow away. 
The working or kneading is dono with a wooden ladle, or a simple 
mnobine adapted to tlie purpose, or else by the naked hand. It b ob- 
j»^ted that the employment of tlie hand is apt to taint the butter by 
its[>erspirBtion; but whilcitis admitted that moitt hands should never 
do the woric, many urge that those which are naturally oool and dry, 
and made clean by washing in warm water and oatmeal (ntft *Oii]i), 
and then rinsed in oold water, will remove the sonr milk from the 
butter raorfl effectually than any inslmment whatever, without in the 
least degree iiynring it. Overworking softeos butter, renders it (rfly, 
and obliteratos the grain. 

ew. PrvparaUM ef lattn Ij WuUag.— Borne Join wuhiiig whh 
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meohuiical working, to aepante the battenollk. It U objected to tlM 

fint, tbst wat«r removes or impairs the fine aroma of Uip butter, rod, 
teeond, that it exposes the partidei of butter to the iajarions actioo 
of air mnch more than mechanical working. On the other hand, it ii 
alleged that withoot water we canoot completely remove the Eenoent- 
ing matter, the smallest portion of which, if left in the batter, nhi- 
mately iojnres it. If water be oBed, it is of the □tmoet oonseqnenM to 
guard agaioat its imparities. It is liable to contain organic sabstanoc^ 
vegetable cr animal matter, in ftolation, invisible, yet commmil]' pres- 
ent, even in spring water. The»a the hotter is sure to extraot, and 
their only effect c&n be to ii^ore it. The colcareoaa waters of lime- 
stone districts are declared to be onfit for washing batter. SpsKsszt 
states that the butter absorbs the lime, and ia nnpleaaantlf affected by 
it. A. B. DioEiKSON is of opinion that the best batter cannot 1m 
made where hard water is used to waah it ; he Employs only the soft- 
wt and pnrest for this parpose. 

601. Clue af Banddtlir la Bitter.— Pare oil bos little spontaneoos 
tendency to change. If lard, for example, be obtmned in a condition 
of parity, it nay be kept sweet for a long time without salt, when 
protected from the air. Tliat it doet alter and spoil in many caaet^ is 
owing to traces of nitrogenons matter, animal membnuea, fibres, An,, 
which have not been entirely separated from it These paw Into de- 
composition, and carry along the sarroaudlngoilysnbstance. &owith 
bntter ; when pure, and cat off from the air, it may be long kept with- 
out adding ony preservative substance. Bat a trifling Bfflomit of cord 
left in it is snfBcient to infect the whole mass. It b decomposed, and 
acting in the way of ferment npan the sugar and oily sabstiuice itself^ 
develops a series of acids, the hutyrU, which is highly disagreeable 
and offensive, and the capric and caproic acids, which hare a sbwig 
sonr odor of perspiration. The hatter is then amd to be raneid. 
In general, the more casein is left in butter, the greater is its tendency 
to rancidly. 

OOS. ittiM •! Hi *poa Battu.— The fat of hotter is chiefly composed 
otmargaHn, which is ila main aolidifying constitaont, and abounds 
also in human fat. It is associated with a more oily part, olein. 
Kow, fur acts not only upon the curdy principle, eanang its pntT««- 
oence ; bat its oxygen is also rapidly absorbed by the oleic acid. One 
of the effects of this absorption may be tohardan it,orconvcrt it into 
morgnric acid. This is, however, a first step of decomposition, which, 
when once begun, may rapidly estend to the production of variooa 
o&nnve anlwtjmoea. When, therefbre, bntter is nracfa ezpoMd tt tiM 
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air It is cartain to acqiure a snriace nmcidity, whicli, withoat pene- 
trating into the interior, is 70! eufficieat to injare its Havor. It in ia- 
dbpeaiiabie to its effectual preservation that tlie air be entirelj ex- 
i-ludod from it. Eonce, in packing bnttcr, the cask or firkin sboald 
bo perfect!; air tigbL Care aheold bo taken that no caviUes or spacoa 
jire left. If portions of bntter are saoceaavelj added, tie anrfaoo 
nbould be either removed or raised np in fiirrowt, that tbe new portion 
may be tliorongblT' mixed with it; or it sboald be kept covered ivilb 
brine, and the vessel ought not to be finallj cIosM until the butter boa 
ceased ibrinklng, and the vacancies tbat have ^sen between the but- 
ter and vessel's ridea are carefully closed. 

603. nihntww ■lli<ll iirwdrili WiHrr — Salt, added to hotter, per- 
forms the twofold office of flavoring and preserving it Tlie salt be- 
comes disaolvod in the water contcuned in it, and forms a brine, a 
I>ortlon of which flowa awaj-, while the bntter shrinks and becomes 
more solid. Salt preserrea bntter by preventing ila casein from chang- 
ing ; hence the tnore of this sabstance is left in it the m>>re need of 
salt The quantity nsed is variable, from one to six drachma to thE 
pound of butter. It is objected to iiolt that it masks the tm^^flavor 
of butter, especially if it be not of the pnrest quality (591). Salt- 
petre will preserve bntter; bat it is loss active than common aalt, 
and some think its flavor agreeable. Sng»r la eometimee added to aid 
in preservation, and to compensate fbr the lose of the sngar of niilk. 
Uoney has been also used for tlio same pnrpoee, at the rate of an 
ounce to the ponnd of bntter. Borne employ salt, saltpetre, and sugar 
all together. From an examination of upwards of forty samples of 
Kiiglish bntter, UiaaAU. found the proportion of water in them to 
vary from 10 tu 30, and even 80 per cent, and the proportion of salt 
firom one tu fix or seven per oent, A simple method of aioertaining 
the qnantity of water in bntter is, to melt it and pat it in a small bottle 
noar the fire fur an bbor. The water and salt will separate and sink 
to the bottom. 

604. Chaago «f CbMM by TlBe> — Cheese reqnlres time to develop 
its pucnlior flavor, or ripen. A slow fermentation takes place within, 
which dilfers much aooording to the variety of cironmstoncee con- 
nected with ita preparation, and thedcgreeandsteadineas of the tempe- 
rature at which ii IS kept The fermentation, which is gentle and p»o- 
lungcdul a low temperatnre, becomes too rapid in a warm, moist place. 
The influence of temperatare is shown by the fact that in ccrt^n locali- 
ties of France, especially at Boqnefort, tlierc are subterrnnean cavenis 

jjd at enormoDs anms for the pnrpoee of keeping 
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aad matoring dieese. Theao natnnl rocl:-c«Uars are tnawta 
gentle ctrcnlatioo of ntr, U il" to 42°. Th« nstare of tli« ( 
tli&t eheese midergow hu not been cleart; traced. It ta Icnown^ 
the casein beoumes bo altered ee to dissolTe in wat«r. Tbe si 
diKwd to pretierve it id »aid to be decomposed ; the dUj luatier gctd 
rancid, u ms; be Hhown hj extractiDg it with elbor; and pecoliv 
voktilo acids and aromatic compounds are prodaced. Chees« of poor 
or inferior flavor, it i« said, may be iooculated with tbe peculiar fee* 
mentation of a better cheese, by inserting a plug or cjlinder of tbe 
latter into a hole made to the heart of the fonner. To prerent th* 
attacks of inaccts tbe cheese should be bniBhed, nibbed with brine or 
Bait, and Bmeared over with sweet oil, tbe shelves on which they rett 
being oflan washed with boiling water, 

006. Pmerratlw af Eggi.— When t ewly laid, eggs are almoet per- 
fectly full. But the shell is porous, and the watery p<viioD «f its 
oontents begins to evaporate through its porea tbe moment it is e>> 
posed to tbe air, bo tliat the eggs become lighter everj day. As Om 
water c«cape« outward through tbe pores of the shell air passes inward 
and takes ite place, and the amoant of air tlist accBmoIatea within it- 
peods, of course, upon the extent of the loss by perqnration. £!ggs 
which we have preserved for upward uf a year, packed in salt, small 
ends downwards, lost from SS to CO per cent, of their weight, and did 
Dot pDtrety. As the moi^tore evaporated the white became tbldc 
and adhesive, and the ujiper part was filled with air. To preserve 
the interior of the egg in its uataral state, it is necessary to sed 19 
the pores of the shell air-tight. This may bo done by dipping them in 
melt«d suet, olive oil, milk of lime, sololiun of gnm arabio, or ootw 
ing them with any tur-proof varnish. They are then packed in hrtat, 
meal, salt, ashes, or ohorooal powder. Be&iixcb is said to have ooaui 
eggs with spirit varniab, and produced chickens from theiB after two 
years, when the varnish was carefully removed. 

VI.— MATERUIS OF CUUSASr AKD TABLE UTENSIia. 

806. It seems important in this place to offer some obserratiQnt 
pertaining to oar ordinary kitchen and tnble utensils. We q>eak of 
the chemical properties of tbeir materials rather than of their mechaiW 
icol atmcturo. 

007. Cteulls tf Irai. — Iron is mnch employed for reasela in kitdiM 
operations. The chief olgection to it springs ftom its poweiM atma^ 
tion for oxygen, which it obtains irom the atmosphere. It will enM 
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4Monipose water to get tt. la oonseqoenoe of this strong tendenof to 
oiddation, its aorface becomes ootroded and roogliencid b; a oonliog of 
nut, which is simpler irtidt ^irtm. The mat coaibines with varioiiB 
(nbstances contained in food, and forms compoonds wtuch discolor ttie 
irticies coohed in iron veaeels, and often impart an irony or stj-ptio 
ta^tc. Fortunately, however, racdt of theae compoands, alth(jugli olv 
JeclioDBble, are not actively poisonous ; jot, snlpliate of iron (copperas) 
and some other mineral salts of iron, are lo. Caat iron Is mnch less 
Ilablo to mat than molleabU, or«ron|;ht iron. There is one mcide of 
managing caat iron vessels, by which tio disagreeable effects of rnat 
may be much diminished, if not qnite prevented. If the inside of 
Btew-pans, boilers, and keltlce bo simply washed and rinsed ont with 
warm water, and wiped with a soft cloth hist^ad of being scoured with 
sand or polishing mflteriale, the vessel will not expose a clenn metidlio 
mrfacc, bnt beeoino evenly coated with a hard, thin irnst of a dark 
brown color, forming a sort of enamtl. It tbis coating t>c allowed to 
remain, it will gradnallj consolidate and at laitt become so bard as to 
ttitk a tolerable polish. The thin film of nut thus prevents deeper 
rusting and at the same time remains undissolved by calinory liquids. 

609. PntMtlfB if Itm ky Hm. — As snob protection, however, in- 
volves care and oonsideration, it is uncertain and onsatiafactory, and 
besides It Is inapplicable to vessels of thio or sheet iron. A better 
tnethod b that of coating over the iron with mebillle tin, which tiaa 
come into nniversa] nse in the form of tin-teart. The sheet tin which 
b so widely employed for bonsohold utensils is made by dipping pol- 
ished sheet iron is vats of melted tin. Tin Itself ia a metal some- 
what harder than load, bnt is never nsed for culinary veasels. What 
b called hloeh tin \b generally snppoeod to consist of the pnre nietal. 
This is an error. It ia only tinned iron plate, better planished, stouter, 
and heavier than ordinary. All tin ware, therefore, is only iron plnte 
coaled or protected by Lin: yet, practically, it is the metallic tin only 
that we are concerned with, as that alone comes in contact with our 

610. AiipUttn af 111 to Ciflsary PirpMn.— Tin, in Its mctoUio 
■tate, seems to have no iqjnrious effect upon the animal system, for it 
is often given mediolnally in oonstdorable doeea, in the form of powder 
and filings. It is frequently melted off from the lidoa of sance-pons or 
Other veasets in globules, and is thus liable to be swallowed, a oircnin- 
■tance which need occa«ion no alarm. The attraction of tin for oxy- 
gen is feeble, and it therefore oiidicea or rusts very slowly. Strong 
voids, OS vinegar or lemon Juice, boiled in tin-ooated veweta^ may di»- 
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Bulve a nuDDte portion of the melAl, formiDg sftlts of cixide of tin, 
bnt tho quaotiCy will be eo extremely small that it need ezuile liUla 
a[>prebenBion, It ia u qneation ainoog touoolugistg wIiMlier its oaHe 
be poisonoaa. Fbodst stioned that a tin platter, which had been in 
use two jeaia, lost only four graias of its original weight, and prohablj 
the greater pmt of tbU loss was caused by abrasion with whiting, gaod, 
or other sharp eubstances during cleansing. If half of it had been 
taken into the syBterailisBolved, it would have amoanted only to ,fj of 
agraiapi>rday,aqnantity too trifling to domach Itarm, even if it wero 
a strong poLwD. Common tin, however, is contaminated with traic«s 
of arsenic, copper, and lead, which are more liable to be act«d apoa 
by organic acids and vegetables contaimng snlphnr, as oniona, greens, 
&v. PsssiRA remarks that acid, fiitty, saline, and even Blbominuos 
anbetances may occasion colic and vomiting by having remained for 
Bome time in tin vessels. Still, tin is unquestionably tlie safest and 
most wholeoorae metal that it ia found practicable to employ it, domeo- 
tio economy. 

611. Zlne TmuIs OtjecHwuiUb— Zinc is rarely employed as a n»te- 
riol for culinary vessels. In many cases it would be nnsafe, as a poi- 
sonous oxide slowly forms upon its surlace. It has been recommeoded 
for inilk pana on the ground that milk wonid remain longer sweet in 
them, and hence, more cream arise. But whatever power of keeping 
milk sweet zinc possesses, it can only be caused by oeQltaliung iho 
acid of milk with oiide of zinc, thus forming in the liquid a ptnsonoos 
lactate of xinc. 

612. B«luiTlin»f Copper In twlaet wltb FMd. — This metal soffers 
very little change in dry ab*, but in a mob<t atmosphere oij^n uiites 
with it, forming oiido of copper ; and corbonia scid of the air, combin- 
ing with that aubstance, forms carbonate of copper, of a green color. 
Oopper IB easily acted on by the acid of vinegar, forming terdijTit, 
or the arttatt qf capper, which is an euei^tio poison. Other vegetal 
hie aoids form poisonous salts with it in the same way. Common salt 
is decomposed by oontaot with metallic copper during oiidntion, the 
poisonous chloride o! copper being formed. All kinds of fatty and 
oily matter have the property of acting upon oopper and generalSig 
poisonous combinations. Sagar also forms a compooad with oxide of 
copper, — the tacharatt ^copper. 

G18. Tnt. — As the salU of copper ore of a green color, vessels of 
this metal have a tondenay to stain their contents green. They are 
sometimes employed purposely to deepen tho green of picklea, 4c., 
and cooks often throw a penny-piece into a pot of boiling greens to 
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laUnsKy Uieir color. A rimplo test for copper in eolntioa is, to plunge 
Into the enxpected Uqoid a p1nt« of polislicd iron, (a kcifo blade, for 
example,) when !□ a sbort time, (from five mioiiUe to aa rnaay hoara,) 
It will beixime coated wicli metallic <»pper. The solutiuD onghl to be 
onl? very Bliglitl; acid. Now, ae acid, oU, or talt, is found Id alcuOBt 
everj article of diet, it is clear that thig metal, unprotected, ia qoite 
Qnfit for vessels dmigned to hold food. 

6It. PtMccMm af Capper CteDdta.-~Yet copper has several advan- 
tages as a material for culinarj atenails. It ii but alowly oxfdiied, and 
heoce does not eorrode deep, scale, become thin, and finallj fall into 
holes ns iron vomelH are liable to do. Besides, copper is a better con- 
dnotor of heat than iron or tin plate, and conse^inentlj huats mora 
promptly and with Ices fiiol, and a.*: it wears long, and the metal whan 
old bean a oomparativelj high price, Ita employment, iu the long mn, 
b naqaeelionablj economical. Copper vessels ought aeverto boosed, 
bowever, withont being thoronghl; protected b; a coating of tin and 
when Uiis begins to wear off thej should be at once recoated, which the 
eopper or tin-smilb can do at an j time. It haa been stated that a small 
^tohof tin upon the snrfaceof a copper vessel ironld entirely prevent 
the oxidation of the latter by galvanic influence ; bnt Mr. Mitobbl haa 
■hown by experiment that snch is not the fact, and that the only 

ifcgnnrd ia in covering oompletely the entire copper surfaoe. Brosa 
an alloy of zinc and copper, and althoagh lees liable to oxidize, is 
aevortlicleas onsafe. Kettle« of brass ore often employed in preparing 
Muc<.>s, Bweetmeata, &c., bnt this onght never to bo done unless they 
•re scnipnloasly clean and polished, and hot miitnrw should not be 
tllowcd to cool or remain in tbcm. 

imut Y'Mwbi — It would eeom that no one mat«- 
oU tbo qnalitics desirable to form cooking veanela, 
'Bonio of the metals are strong and resist beat ; bat, as wo have seen, 
various Ifioda of food corrode them. Earthenware, on the contratj', 
If well made, reaiata chemical action, but is fractured by slight blows 
mud the coioloM application of heat. An attempt has been made to 
eombinc the advantages of both by onamcll'mg the interior of iron *M- 
fcb with a kind of vitreous or carthonwaro glaze. Vnrioos cooking 
mcepana, boilers, snd the like, have been prepared in tlili 
manner, and answer an admirable purpose. Dr. ITbk remarks, I con- 
akler snch a nuum&ctnre to bo one of tbo greatest improvements 
ncently introdncod Into domestic economy, inch vessels being reraaFk- 
■bly dean, salnbrions, and adapted to the delicate cnlinary opera* 

IDS of boiling; ■tewing, maUng of Jelliea, preserve^ Ac. 
14* 
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61 S. Eutkcmnn TcMdi — GlnlBg. — Teasels of eartheaware ar» k 
muveraal hoosehold use. Tliej are made, as is well known, of d*f 
and sand, of varioas degrees of parity, witk other ingredients, fonniug 
a pListio niBsa, wliich is moulded into all required shapes, »nd hardaned 
by baking ia a hot fnrnaee. The ware, as it thoa comes from tba 
balUug process, ia porons, and absorbs water. To give it a imuoUt, 
glossy, water-resislJDg smfiioe, it is salyected l« the operoUon otgJat- 
iny. This is effected in two ways ; first, when the stoneware bos at- 
tained a very hlgli temperatnre, a few hajidfola of damp sea-salt are 
thrown into tile tiiraBcc. The salt volatilizes, the vapor is decomposed, 
the liydrochloiio acid escaping ; while the soda, difiiised OTer I 
face of the ware, combines with its silica, and glosses OTa" thi 
with a smooth, hard varnish. Another mode by which the 
artificial sorfaoe ia given to earthenware, is by taking it from ( 
when it has l>eoome soffioiently firm and stifi^ immersing it in 
pared liquid, and restoring it again to Uie fornoce, where by tlie ai 
of heat a vitreous or glnssy coating is fonned. 

SIT. Eutheaware Haie teUalalig Lead.— The preparations ompli 
for glaiiog common eartbentvare, are oLiefiy combinations of 
with the alkalies pri>ducing vitreona or glassy compoands. I 
known that lead enters largely into uiauy kinds of glass ; it imparlj 
tbem great brilliancy and beauty, bnt makes them soft, » 
are eauly scratched, and liable to be attacked by strong chemical 
stances. Lead glaze npou earthenware is also subject to the 
Direction. It is tender and con be scraped off with a knife, si 
the plates soon become marred and roaghened. I'hey also soon : 
en, or darken, when in contact with stdphmized substances. Oool 
eggs or fiab in these vessels gives them a brownish tinge. If lefS 
be osed, the glaze becomes less rosiblo, the process of applying 
difficult, and hence the ware more expensive. Load ghudngcai 
tectcd by its remarkably smooth, lustrona surface, resembling ti 
while the salt glaze, on the contrary, has less lustre, and the 
not so fine an appearance, oil the asperities of the clay beneatli 
perfectly visible. Fatty matters, and the acids of fruits, exert a s( 
action on oxide of load combined in lead glaze, especially where tl 
ohemioa] energy is increased by a boiling temperature. 

eiS, Othar MtOM tt EartkeawRK daie.— If a piece of caithenw] 
be broken, we may observe upon the freshly fractured edge, the 
ooating of glaze which bos been fused on to the body of the ware. 
the tongne be touched to the broken surface, it will adhere, sboi 
the porous and absorbent naiure of the material. Now it often 
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peiu that the Bhell of glase and the body which it enoloses, ora not 
affected in Ibo aame waj by changos of temperature. They expand 
and contract vnaqvallg when heated and cooled, the conaequonce be- 
ing-, tlut the glaia breaks or BtArta, and the surface of the plate, sau- 
oer, or vessel, becomes covered with a network of cracks. Ware i[i 
■Dcfa a condition b said to be erattd. Throngh these cracks lirjuid or- 
ganic niBtterB ore liable to bo absorbed, which make the artiulca iin- 
cleonlj and impnro. Glaie that does not crack is often too soft. To 
determine this, drop a Email qnantity of ink npon it, aod dry before 
the firo, aod then wiv)h it thoronghl;; if the glaze be too soft, an in- 
delible brown slain will remain. 

010. Dew PeNelala-nre b ■*<«.— Tliia is the purest and most per- 
fect product of the plastic art. We are indebted for several snggeetions 
ODnccmiiig its processes to Messrs. IlAvn-An'o, of this citj, whose ex- 
teneive establishiDent in France has afforded tbem a largo experience 
In the poroelain manufacture. This ware was first made in Oliina, and is 
•till known as China-ware. But, after long and difficult experience, the 
Sianufacture has at length become so perfected in Europe as greatly 
to snrpoBS tlie Chinese in elegance, and hence but little ia now iniport- 
•d from tliat oonntry. Trae porcelain consists of two easenUoUy dif- 
ferent constituents, one of which is an iafhsiblo, plastic, white claj*, 
galled haolin^ or Obina-ciay, and the other an infaeible but not plosUo 
Mbstanoe, called the Jinx, which is composed of llie mineral rclspar. 
Kaolin alone woold afford a porous, opaque body ; the flax, however, 
■oftens in the heat of the baking furnace, and penetrates as a vitreous 
or gtna^ matter the whole body of the clay, completely filling up tlio 
pores, and eoTericg all the Borfac«; it binds the whole togellier into 
• dense impenetrable mats. Foroolun-waro is translucent, or permits 
Ae partial passage of light, which is dne to the clay body beiug satu- 
rated as it were with glass, as transparent paper is permeated with 
The material ia monlded with great cjirc and nicety into the de- 
drod forms, and then, placed in cases of clay made cxprcB«lj to hold 
■nd protect them, are put into the kiln or farnacc, and subjected to 
■n intense beat for Ifi or 30 hours. The articles are then withdrawn 
■Dd dipped into a glajw composed of felspar, of the same nature na 
tbe flux, and which never contAina either lead or tin. Tho ware ia 
then returned to the furnace and flilyected to the most intenne whito 
lieat that art can prodnce. for 10 or 20 hoorv longer. The glaze is 
thus melted into tbe dux, so that the porcelain has a uniform budy, ni 

see when it i« broken. There is no ooonrata mode of measuring 
11m very high tempentturva prodoood in these kiltu, but by the method 
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■ kf neldHciaMia^ IW wiwi f m ttr r i m h mpart toht 
fi«-taixC at tbry sa fMMBd Bpoa tlwWBrc, md tfaeo niell«d into ito 
isxor (IWK iff tiiebMl«Citef>iiiac«. 

CiO. KytfrtastntmriMNtiti^-VsrioTif Kcif&ij arc in d^ for 
jm/iodag m. --. :_ .--iir^'r, :"■-_-.. .l:- ■;■: _.- ■.-..! i. ■■ . .. ::]';:; .it-hj ._-!-.^ 
A f^rj eaxt _ ... . .1:; 

•lices of fikuu-uulk cbees« wilL wal«r into a pa.st«, uid tiieo grindiiv 
it with newlj ^lak^ lime in a mortar. White of egg will caose a 
ijaiti FtrODg adheeioD, where tlie objecta are not exposed to mtuoton. 
It is bowever improfed bj mixture with sbked lime. Sidlac ti>> 
solved ID alcohol or in a aolntloD of borax, forms a [vettj good 00- 
ment. Tarions excellent cementa are to be procared, read; prepared, 
of Ibe dealers, la their anxiety to onile the fragmeols atrvng^, per- 
sona are apt to defeat their porpoee b;? ^ppljitg tbe oemukt too thick- 
Ij, whereas the least possible qnantitr ebonld be ased, ao as to bring 
tbe edges most cloael; together. This may be aided bj heating tfa* 
fragments to be joined. 



Tn,-PHTSIOLOGICAL EFFECTS OF rOOD. 
1. Basis of tsx Bbuand fob Aumest. 
621. CrMtIra a CwUaaeM Wetk. — We are accustomed to oonedn 
of Uio creation of man as a dim miracnlons event of the most andoit 
tiwQ, liolf-forgotting that God's scheme of managing the living worid 
b oue <fi pfTpttval creation. Hod our earth been formed of an eternal 
aduiiiBnt, subject to DO vicissibidea of change throngh all theojoleeof 
durntion, we might perhapa well refer to the act of bringing it into 
oibtonoo, M espeoifllly illustratiTe of creative power. Bnt where aU 
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it changing, trniiaitory, and inceeaantly disBolving awa?, so that noth- 
ing romuinB imiuouble, but God'a conceptiou of being, which the 
whole nnivcno is for ever hatteDiog to reoliM, we cannot escape the 
ouoviotioa of hin immediate, living, omnipresent, conetmctive ogencf. 
The tmth is, we are hourly and momentarily created, and it is impos- 
sible to imagine in what respect the firet act of formative power woa 
mora wonderful or gloriooa, or afforded any more conspicnous display 
of omnipotent wisdom, than that aogust procetmon of phenomena by 
wbioli wan, and the entire living world, are now and oonliunally 
called into being. Those material aConu which are to-dny ioterpoBcd 
between tu and destroction, are recent from chaoA, — tliey were bnt 
yeetorduy formless dnst of the earth, corroded and pulverized roeki^ 
or fleeting and viewless gasea of the air. These, throngh the vast 
enginvry of astronomic systems, whose iropuliiee of movement spring 
direoUy from the Almighty Will, have entered a world of orgnolo or- 
der, are wronglit into new states, and made capable of nourishing the 
animal body. The mingled gases and mineral dnst, have beoonie 
vital alimenL The Icat-miracle which the Tempter of old demanded 
an evidcnoe of Gudlike Puwer, is disclosed U> the eye of science, as a 
result of natural laws, for in the most literal sense, " stones are made 

023. OsT Sjatm tapaklt ef kclng udrrrtMd. — That it was ledgned 

for ns to nndorstand what goes on witliin tlic body, we are not at 

Illwrty to doubt. Instead of beiu;; the theatre of a mysterious power 

which defies invettigation, we Unil the living system acting nnder 

allegiance to invariable laws, and entirely amenable to investigation. 

The whole oonrse of physiological discovery has consisted in showing 

that the human ooDstitution is an embodiment and tllnstration ot 

reason. The victory of rwearoh is to Mndtrttand a thing ; that is, l« 

bring it into aKreeincut with reason. The mechanism of the eye was 

• niyslery, ttntil its optical adaptations and porposcs were discovered ; 

tliut is, the retuon of iU const mction. The heart was an oly'oct of 

mere curious wonder and snpentitioDS Bpeoolation, ontil the oirenlik- 

) disooverml, whim the rtai/nahle vta of its ports wer* at 

I oBoe nnderatood^ Tlio whole scope and drift of post inqniry, and all 

I 'the conuileratious wliirh cluster around tlte snlject, lead us to eipeol 

l>«iid demond a rational oipUnation of living processes. "Kot many 

>unio«t acute and distingnlsliud physicans regard ml the 

h aa the abode of s coi^Jarer; who, if rei^ipeotfUlly treated,.and 

^1b good humor, can chnnpj thistles, hny, rooU, fruits, and seeds, 

3 hlood and flash; but when angry, despises, or qmila the best 
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food." Chemiatry has dispelled these crndo fandea, and enabled tn 
to iinderitand how such miu-TellonB transformationB occar. We tn 
getting il^ly clewa to the proftmnder secretfl of the organism; know- 
ledge is here as rapidly progrM^ve as in any other department irf 
adence. la this connection Dr. DBA.pBit retoarks, "Since it ta giTen 
tie to know our own enstenoe, and be coneciona of onr own indindo- 
ality, we uaj reet assured that we have what is in reality a far mon 
wonderful power, the capadtj of comprehending alt the conditioia 
of onr life. God has formed onr nnderalandiog to grasp all thwe 
things. For laj own part, I have no Bjmpathy with those who aaj of 
this or that physiolo^oal problem, it ia above onr reason, ilj fUth 
in the power of the intellect of man, is profoond. Far from euppot- 
ing that there are many things in the atractare and functions of the 
body which we can never comprehend, I believe there is nothing in it 
that we shall not at last explain. Then, and not till then, will man 
be a perfect monument of the wisdom and power of his Maker, a 
created being knowing his own existence, and capable of explain- 
ing it." 

62S. Tbe llTlng SftUn a tktatre tt chiuge— The body of the grown 
man presents to ns the same unaltered aspect of form and a^e, for 
long periods of time. With the exception of furrows deepening in 
the countenance, an adult man may aecra hardly to alter for half a 
hundred years. Bot this appearance is altogether illusory; for with 
apparent bodily identity, there has really been an active and rapid 
change, daily and nightly, hourly and moineDtJj, an incessant waste 
and renewal of all the corporeal parts. A waterfall is permanent, and 
may present the same aspect of identity, and unchongeabtoncas from 
generation to generation; but who does not know that it is certainly 
made np of particles in a atato of swift tranaition ; the cataract is 
only a Jbrm resulting from the defloite coarse which the chanpng 
particles pursue. The Uaroe of a lamp presents to ns for a long time 
the same appearance ; but its constancy of aspect is caused by a cease- 
less change in the place and condition of the chemical atoms which 
carry on combustion. Jnst so with man ; he appears an unchanged 
t>eing endowed with permancDt attributes of power and activity, bnt 
he is really only an unvarying /orm, whoso constituent particles ore 
for over changing. As the roar, spray, and mechanical power of the 
falling water are due to changes among the aqueous particles; 
and the heat and tight of the Same are doe to changes among com- 
bnatible atoms ; so man's endowments of bodily activity, susceptibility, 
and force, originate in at(»mo tranaformalions taking plaoe in his 




I 
I 



BASIS OF THE DmUNQ FOB AUHEMT. 327 

■7st«nL As eaoh p&rt ts brought into action, iu pArttdeB perish and 
4re replaceci bj others; and tlins dentruction and renovation in th» 
vital ecoDomj are indissoluble connected, and prooe«d hither. It Is 
bbM, with referonoe to the eaflnaltiee to which man is every whero 
exposed, that "in the midst of life we are in death," bnt physiologi- 
caJlj, tbis is a still profonader trath ; we begin to die as soon as we 
begin to livo. 

63i. Hat* at whlck tkc Tital etaacM piMM^. — Bnt rerj few pereona 
have any correct eoiicoption of the rate at which change goee on in 
their bodies. The average amount .'f mailer taken into the system 
daily, under given circumstances, has been determined with a con- 
siderahlo degree of precision. From the arm; and mivy diet-scales uf 
Frnnoe and England, which of course are based upon the recognised 
Deoeesilios of Jarga numbers of men in active life, it is found that 
about 3} lbs. avoirdupois of dry food per daj are required for each 
Individual ; of this about three-quarters are vegetable and the rest 
animal. Assnming a gtandard of 140 lbs. as the weight of the body, 
the amoQDt of oxygen consomed daily is nearly 2J lbs., which resnlla 
from breathing abont 20 or SO hogHheods of air; the quantity of 
□early 4fy lbs. for the same time. The weight of the eotira 
Uood of a fUl-grown man variex fVom 20 to SO pounds; of this, the 
kngs. In a state of healUi, eontdn abont half a pound. The heart 
an average, 00 or TO times in a minute. Every beat sends 
forward two onucus of the fluid. It rushes on, at ihe rate of 160 n. 
in a minute, the whole blood passing through the longs every two 
minutes and a half^ or twenty times in an honr. In periods of great 
exertion the rapidity with which the blood flows is muoh inureosed, 
so tliat the whole of it sometimes oircul^» in less than a single 
minute. — (JoBNaroK.) According to these oatn, all the blood in the 
body, travels through the circulatory route 600 or 700 times in a day, 
or a total movement through the heart of 10,000 or 12,000 lbs. of 
blood iu 34 hours. _ To asust in carrying forward the several bodily 
chnngMi, various Jniow are pourad out each daj, according to the hitcst 
cstiuialea, as follows: gastric Joioe, 14to lOlba.; bile, 8 to 4 lbs.; pan- 
creatic juico, i lb. ; intestinal Jntoe, | lb. — (Dr. Uwumfna.) At tlie 
same time there escapes from the longs nearly 8 lbs. of Mrhmfe aefd 
and 1| of Mtb^ taper. The ab'n Iowa b; pcntpiration SJ lb*, of water, 
and there escape in otiier directions abont H lbs. of matter. In the 
course of a year, the amoaot of solid food cousumed is upwards of 800 
.bs.; theqnantitjof oxygen is abont the same, and that of water talcan 
in Tariooa fonaa, is «stlmat«d at I,BO0 Iba., or all together a ton and a 
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lulf af tnatter, solid, Eqoid, ud gaatoaa, ie ingested vmnnll;. Wt 
thus •«« that the ftdnlt, of & half » century, bss Bhiftetl the EabstaoM 
of bi* mrporoal being mora than * thoonod times. 

sas. 1 MiktiK HMtnOn of tkcM ckii«csr~l«t ns take a aieaal 
exainplo, which, althoogb uot falling within the limiU of ordinary u- 
periADoe, yet actnallj occmred in the conne of uatare. ThoiulS P.UI, 
of Eneland, li^ed to the age of 152 jeara. If wc take the tirelie 
jeais of his childhood, and donblo tbern over upon the encoeeding 
twelre years of his joutb, we ihall have 140 jeara of adnlt lif<\ or 
twice the common allotnient of man. Appljing to his case then tbe 
cetablishcd phTsiological oonGtants, we get the foDowiBg Btartting 
resells of the omonnt of possible change in matter produced in the 
nfeUme of a single man. He drank Dpwarda of a hondred tons d 
water, ate nearl; aiit; tona of solid food, and sh^rhod from the lii 
one hundred and tnelve tboosond Ibe. of oxygen gas to act npoa thai 
fbod. Tliere are fifteen lbs. weight of air resting upon ei-eiy sqaate 
inch of the earth's surface ; of this one-filth is oxygen, there ueini 
therefore S Iba. of oxygen over every Bqnsre inch of the earth, extending 
to the top of the atmosphere. The daily oonsamptian hy respiratinQ 
is 8 lbs. Fakb, therefore, consomed all the oxygen over a sar&ce of 
236 sqnarc feet of ground to the very sanunit of the earth's atmoe- 
phere, and generated noxious gases enongh to contominMa and render 
nnfit for breathing ten times that space, or poison a culnnui of air 45 
miles high, having a base of nearly S,400 square feet. If we tnay 
indulge in a somewhst violent siippositioD that the whole blood which 
was actually driven through his heart dnriag that long period coulit 
have been accumulated and measured as one mass, hy forming a pro- 
oeaeion of vehicles, each t^ing a ton aod occupying two rods of spoi^ 
mch A processinn would have attained the enormous length of 2,00fl 

626. Bthltloi bclitm nia« and Sapply. — Such is the ground of oar 
daily requirement for food. The annual supply of 3,000 lbs. of matlei 
to the body is demanded, becan^e in the yearly exercise of its powen 
and functions 8,000 lbs. of matter have been used up or spent. It 
cannot be maintained for a moment that the bodily ^stem posieacB 
any power of prodnoing or creating a single particle of the matter 
which it uses ; It must receive every thing from without, and wmlnMin 
its nnifonn condition of weight by striking an exact balance between 
waBt« and supply, receipt and expenditure. There ore two periods in 
the natural life of man when the balance between these antagoninas 
forces is overtnmed ; iu iri/uney, ehiUihood and ]/<nith, the reception 
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of matter preTollB over ita loss, and the boOf Btewlilf augments In 
weight ; in old age repuraticin does not keep pnce with duoaf , and the 
bodily weight graduall; dcclinoa. In the ioterTeiiiiig period of adult 
lit'u these ontagouizing forcea are malataioed with bnt little Tsriatiun 
in a state of constant oqailibrium. In all the deepest rectweea uf the 
body, iu erory apringiiiK luaBoIe, and cooduotiiig oerre and concecting 
tissue, and even the tliiukiDg briuD, myriads of aUims are oootiuijidly 
* pasiiiiig into the condition of death, while by the profoundest law of 
pLysiologieuI life on eiartly equal nuiobor ore constantly introdncod 
to rephtco them, enuli of iU pro|>er kind and in its appropriate plave, 
620. PnuUeal lafcrcBM frm thMC fads. — As tlitis tlie laving being ii 
tbe result and n-prvsuntaiivc of ohsngo on a prodigious aoole, the 
question of the ciiurso, rate, and regulation of those changes must be 
ooutrolling and fundaincotaL Matter is introduced into the system in 
one condition and eaonpee from it in aDother; the change («n«(cm»r- 
fKotit) that it luu undergone Is oxidatiuo, or a trne boming. The 
•vlid aliment is all combnsldble, oxygen is the agent which boms or 
destroys the food by uniting with It, and water the inediiua which 
brings thorn Into proper relation t« act on one another. Hence the 
life, oclivity, and miikiform endowments of the organism, originate 
in the oheinical action and reaction of prepared matter, borrowed 
l«mporari]y from the ontward world to be quickly restored to it again. 
And as Uie supply of untritive matter is etibcted through onr own 
¥olimlary agency ; as we select, mingle and prepare the nntritive mute- 
I sUa, and control the tiinee, frequency, quantity and oondition io whicb 
y shall bo taken, and influence their physiological reeolta In uum- 
leas ways, it Is clear that our practice, whatever It may be, most 
^^ASnt a direct and powerful inHuenoeupoa the whole being; Its stales 
jnditiona of action, health, and disease. It is d««irablfi 
\ therefore to gain the fullest possible understanding of ttio subject. 

«elc(at ■» «t Howir aa4 TUnt— It will b« aeeu from the 
k'Batnrs of llie case, that the neoewitica of the system for mntt«r from 
Vitliout, are preaslug and momentous. If the inflowing tide of gases 
I \t lUTcstcd but fur a fbw momenla^ snirocBtion and death follow. If 
' -the liquid and solid alimentK be wiUiheld, indusnribable agonies shortly 
[ «tune, and in a few days tlto extinction of life. There is, therefore^ 
[ •& irresistible life-demand fur the supply of nntriment which cannot 
« put off upon peril uf uiisienoe, while the cost of nutritive matter 
I Ji bbtariooa struggle and exertion, both of body and mind. Now it is 
I '|4wn, that if iu tUi; plan uf our being the bodily requirement for food 
» Ml lo th» dBlaroiinatloa of rMaoo, the parpcwua of nattira would 
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be liable to contmnal defeat from indolence, » 
of occDliations. The Divine Arelitle<:t has therefore wisely iutrcDcIied 
in tho sjstem two monitora, hunger and thirit, which are indepeDdenl 
of reowtu or will, cannot be dislodged while life lasts, and whoee dnij 
U ia to procltum that further nonrishment b required for bodil? vap- 
port. And beside the Bensations of hanger and thirst, imporatire u 
they are, there is attached to their proper indolgeoce a degree at 
pleasure which never fails to insnre attention to their demands. In* 
what hanger and thirst consist, what state of the stontach or Teaels 
produces them, or how the general natritive want« of tbe 17*- 
tem get eipraasod in feeling or eensation, we do not know ; eereral 
eiplanatioDS have been offered apon tMs point, bnt tbej are all on- 
eatis&ctory. 

638. Impelled by tho demands of the oonstitntion food ia proenred, 
and in Boreral ways, which have been described, prepared for use. 
When taken into the system it is snbject to Torioua changes in a cer^ 
taia natural and aucceeaive order, whioh will next be noticed. 

2, F1B8T Staue of D10K8T10S— Cbanom of Food a thb Houtb. 
C2e. The gnat olijeetefDlgeatlei.— The prepared food npcMi our tsUe* 
is in the form of crude, unmixed, and chiefly solid manesL Vorions 
vegetables, breads, meat^ butter, each with ita peculiar oonsUtoeata 
and properties, are ready for nso. Their physiological purpose is to 
make blood, the source upon which the whole system draws for what- 
ever it requires. The blood coiitains every thing necessary to form all 
the parte, and produce all the peculiar Uquids or secretions of the 
body. It ciroolates rapidly through every portion of tho sysWm, 
bearing all the constitnents that can be re<}uired, while each part is 
endowed with tbe special power of withdrawing from the oarrent as 
it passes along, jiut those particular ooustituenta that it may reqoire ; 
compounds of lime for bones and teeth, Bulphurized oomponnds for the 
muadee, and phosphorized for the net-ves, while various parts separale 
tbe liquids of secretion — the gknds of the mouth attracting oat the 
substances nocesaary to form saliva, tboso of tbe eyes the deraente at 
tears, tbe coats of tho stomach, gastric jnice, and the liver, bile. The 
blood ie a magazine of materials comprehensive enough for every want 
of the body, and all brought to a perfectly fluid condition, bo as to 
flow witli facility llirough the minutest vessels. Now, it is obvions 
tliut the food before as must be profoundly changed before it can be- 
come blood. No one element of diet contains all the necessary ua- 
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torUlB for this parpoee ; the Torioua articles most, tfaereforo, be mixed, 
8oiiie of Uie eletneDts of food aro iacspdble of fonning btood; tliese 
reqaire to be separated, aod the endre nntritivo portion brought into 
« state of perfect liqnidilj. To effect these impoiiant chacgeH in food 
ia the great parpoae of digmliea, which presents itself to our cooaide- 
ratioEi in three distinct Btagca, cotmuenciiig with transfonnatioos pro- 
dnced in the moDth. 

080. icdidig MedUuUiH tf tkc bitk-^Tbe food, liqnefied or soft 
«Ded, or with its texture relaxed, loosened, or made spongy b; ooli- 
naiy methods, is reduced to email pieces by table instruments, and 
fbuB transferred to the month. An ingonioos cutting and grinding 
incchaniHm here awaits it, to oomplote the niochanioal opcratioD of 
crushing and redncing. It consists of a double sj'Stem of teeth, 
jilanted iirmly In the jaws, and made to work against each other bj a 
Mt of [jowerful mosclea. The 
tMth are «o sliapMl and placed 
as to combine cutting, crnshing fj 
•nd grinding, through vertioal \ 
Ud side moremontn of the low- 
er jaw. The teeth ai6 83 la 
Wimber, and their difiereneee 
•re illoscrated by Fig. 1 ia,wbicli 
represents balf the lower jaw. 
A shows two of the front c 
vottiog teeth, called ineiton 
B the eutpid, eaiiint, or dog tooth, to called from being large in the 
dog and carniTorous animals, and used by them to seize and tear their 
Ibod ; C the ticugpid* or dotibl»-*p«ared, fhtrn their resemblano* to K 
d(Hibt«-lieaded canine tooth ; and J) the violart, double-rooted, with 
troul, irregular, gnndlog snrfacea,* 

481. CwMttaM tt Vu ■•« tt SallTa. — But no amonnt of meohani- 
«■! action alone vUl conTert solid aliment into the fluid state. If the 
Ibod is lo bo diaeulvud, tliero must l>u a tottmt or licioid to bring aboot 
the solution. It ia the office of tlie talita or tpittU to oommenoo tfaia 
work. The saliTa is separated from the blood and poured into (he 
BBOuUt by three pairs of glsods (Fig. 114). The rate at which it is 
•ecrcUd varies at diffiereot times and under different circDoistanota. 
' The eight, ur even the tliought of dinner may fill the mouth with it, 
vliilo oootinaed mental attention to other subjects, or a state of onxi- 
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etf, vQl dry it up. The nioTemeDls of the month, as 1 
re&iling, or Binging, excite its flow, but it is most oopioaslf fomisiied 
at timea of eating, bf the oontoct and prenure of food during maitl- 
oatioii. Eonoe, the glands on that side of the month which is moA 
^„ „, used in mastJcatioB, seor«te more thu 

the others The nature of the food 
causes the quantitj fumisheil at mesh 
to Tai7 exceedingly ; hard, 6ty di- 
menta provoking a much greater dit- 
charge than those vhich are moiat 
and soit. It streams oat abandimtlj 
a under the stimnlation of spicee, and 
innes lo flow after the m«ai ii 
concluded ; the seoretion also goes on 
during sieep. 

632. PraperUes. — The saliva ii t 
clear, sligbtlj bluish, glajrf juic^ 
readily frothing. It contsina lea 
than one per cent, of saline matter, 
and in health is always alkaline. It 
i. contains also an organic jirioctpli} 
named ptyalin, an albDminoua eub- 
■tonoe which acta aa a strong ferment The tartar which coUects 
on the teeth is the residue leJl bj evaporation of tho wat«r of the sb- 
livo, and consists of eBrthy salts, cemented together bj animal matter. 
The salivary Juice irf the month is, however, a mislure of three differ- 
ent salivas poured out by three pairs of glands. Parotid saliva is thta 
and watery, so as to be readily inoorporated with the food by the 
teeth; it also contains ranch lime. Submaxillary saliva is so thick 
and glutinous that it may be readily drawn ont into threads. It ii 
Boppoaed to facilitate swallowing by affording a sort of anti-frictioa 
coating to the masticated food. The sublingual saliva is more limpi^ 
resembling the [uirotld. 

ess. Cms af Saliva. — Saliva serves not only to moisten and Inbri- 
cate the month, and wet the oUment, so that it may assume a pasty at 
pulpy condition, hut it is an indiapensablo medium for the sense of 
taste, as every thing is taslelese which the saliva cannot dissolve. By 
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its fhithy quality it embroils globules of air, and thus » 
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the stomach, where it probably plays a part in promoting 
the transformations. But beyond these important eflecls, the saliva 
actually begins die operation of digeslioo in the mouth. If a liui» 
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pure Btarcb be chewed tor a short time, it viU I«conie iweet; a por>i 
tioD of it has imdergoDe a chemical trani^omuttioD, and been oon- 
verlod iotti sugiar. By its Joint alkaline and fermentatlTe powera, 
saliva prodoces on nlmosl inatantaueoaB effect upon starch, obunging 
it firat ink} aagar, and in a little longer time converting tbe mgar into 
lactic acid. This important change seems to be effected, not b; anjr 
one of tbe snliTaiy »ecretioni^ bat U doe to tbeir combmed Bctimu 
Saliva exerts no Bolvent influence opon tbe nitrogenouK alinienta. It 
will tbuR be noticed that the flrat chemical attodc, At tbe very tbreali- 
<dd of the digestive pawage, ia made npon that alimentary priaoiple 
wbich aboutida moet of all In onr food (862). Wa furtbennore drnw a 
pnu-lical iuferenoe opposed to the cnrreDt opinion which BssnmeB that 
animal food, f^om its tongb, Qbrooe nature, needs more masticntjon 
than vugetublo. Ueat and albuminous sabatanccs reijnire to Le thor- 
ougUy diauniced and subdivided in order that eaob particle may be 
brought ioto contact with the secreting membmno of tbe atoniaob, 
while brand, and suhstanocs which abound in etarcli, have not only to 
be reduced fino, but to be well imbued with the salivary liquid. In 
uimal food, it ia possible to supply the place of mnntiostion by {he use 
of implemenia in the kitchen and at the tabic; but oulitiarj soiencA 
Oannot compound on artificial Hiliva to be mixed with starchy fbod, so 
M to save the trouble of chewing it. The clianging of this snbslunoe 
(Knn a aolid to a liquid form, as in gruel and sago slops, so that they 
are swallowed without !>cing dekyed In the mouth and mingled with 
lis aeoretiona, is unCHVorable to digestion, especially if the Btomach bu 
BOt vigorous. Tbe best condition In which starch can be taken is 
where tfao out«r membraue luis been ruptured by heat, and tho mns 
■tde light, 08 in wull-balced bread and mealy potatoes (532). 

084. lapMlaaM ef IherMgh MasUfttlM. — The mechanism of insall- 
vation has b<H.>n inserted in tho mouth for a deflnito and important 
pnrposei, and as the aot of maiticalion is under the control of the will, 
U ia very aasy to defeat that purpose. If the food be imperfectly 
cbewed, and hastily swallowod, or as the phrase goes, 'bolt«d,' tlio 
aliment paaaes into the stomach erode and ill-prepared, and tbe whule 
digcsUve function is Just so far imperfeot and enfeebled. It is of much 
oonHequonee that meals should not be precipitated, but that proper 
tlino slioold be allowed to perform that portion of tb« digestive opera- 
tion, which falls so directly under voluntai; control. Besides thougbt- 

nen, and business pressure which pleads waul of time, there is an- 
other cause of inatlsntiun to this matter which deserves notice. Uany 
I parsons have placed tiieniselves in such a (Use reUtioo to nature, as 
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to iinagiDe tliat they exalt the Bptritoal attrfbotea of their being hj 
eastiiig eonUmpt vpon the phyiieal. Bach are inclined to regard tlis 
act of ealiug as a very asiioal aod materitiliziiig operation, and an; 
oonsiderationa of the way it Hhould b« conducted, are apt to wai^h 
but %htl; upon their roinde. This view is fake, and leada to conHt- 
qnenecB practically miscbievons. Dr. Covbk remarlu, — '* Dae mastics- 
lion being thua esBential to healthy digestion, the Creator, as if to insnre 
its being adequately performed, has IdndJj so airanged that the very 
act of mastication ahonld lead to tbe gratification of tasta — tlie month 
being tbe eeat of that eensatioD. That thia gratiflcatioa of taste wm 
intended, becomes obviona when we reflect tluit even in eating, naCnra 
makea it onr interest to give attention to the process \a wiiico we are 
for the time engaged. It is well Imown, for example, that when food 
1b presented to a bungrj man, nboae mind is concentrated on the in- 
dnlgenoe of bis appetite, the saliva be^ns to Sow nnbidden, and what 
be eats ia consumed with a peenliar relish. Whereas, if food be pre- 
sented to an individual who has fasted eqnally long, bat whoae soul it 
absorbed in some great nndertakingor deep emotion, it will he swallow- 
ed almost wilhont mastication, and without snfGdent admiitnre with 
tbe saliva — now deficient in quantity — and consequently lie on the 
stomach for hoars nnohanged. A certain degree of attention to taat« 
and tbe pleasures of appetite is, therefore, both reasonable and heoe- 
fldal ; and it is only when these are abated that we oppose the inteu- 
tioQ of natare." 

OSS. Eftctefprrf^ue SplUUg.— Tbe salivary juices are parts of a 
great water circulation of secretion and absorption. They are poured 
into the month, not to it ca»t out, but to do a specific worlc, and tbai 
pass into tbe stomach ond be again obsorbed. If they are habitually 
^ected by spitting, the object of nature is contravened, and the sys- 
tem drained of that which it was not intended to lose. In ench case 
the order of bodily functions ia reversed, and tlie month is converted 
into an organ of excreCiocu It is the office of tbe kidneys and nrinary 
duets to convey away a large part of tbe snperflnons water, and all 
tbe waste salts that require to be expelled from the body ; bot if a 
drain be established at the month, the effect is to relievo those partu 
of a portion of their labor. " When the impure habit of profnse spit- 
ting is indulged in, it is interesting to remark the reflected effect which 
tokos place in the reduced qnantity of tbe nrinal excretion, and an in- 
etinctiva desire for water, a kind of perpetual thirst. It is probuhlo 
that, under these disgusting circnmstanoes, tlie percentage amount of 
•aline substanoea in the saliva is increased, and Uiat, so tar as that 
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oUm of bodies is Doncemed, the saliTM? glacda act vicarioasl] lor the 
kidaejni, and the month U ttiDS parUolly ooovertod into L nriiinry 
•qaeduct," — (Dr. Drafsb.) 

8. SsooKD SuoB OF DioBSTioR — Ohahob or Food in tiib ^ro)uoa. 
use. Flgin ud DlBHdau •! tb» Orgu. — IlaTlsg nndcre me mora 
or 1«H porfectlj' tlio changes which appertain to tbo mootb, the food 
tiigwollowpd,a 
tng down tho oeopha- 
gnu, or ^llet, enters 
the Btoinach. Tliisoi 
gsn Ib a poQch-BhBpe4 
enlargement of the d 
geMive t«bo, hAdag 
iJie form shown in fig. 
116. Tlie larger ex- 
tremltf is »ituat«d at iS, 
the right Bide of tho ' 
bod J, and iti lesaer end 

M tlielofl. Thatpor- ortfl«: <f >r»t«re<i">t~uritr/Tl<wcoiirT*lDnr'i 
tion wboro the esoph- prl«t.«iii«; jj<Ib«i.uiu>; *lii.do,«. 

ngat enters it, ii tunned the cardiac region (bocanse It ia in the vicin- 
ity of tiie ttar or htart) ; the other eitremit]', where tho contents of 
the Btomoch escape into the intestine, ia icnowa na the pj\oric region 
(from pylont, a gate-keeper). The capacity of the hntnon rtomach 
of coarM Tariw conaiderably, bat on on average, it will hold when 
inoderalely distended about throe pints. A> a general mlo, it ii larger 
among tlioee who live npon ooarae, balky diet. In different animala 
the atw of the itomaoh vorlea exocedingly, according to the eoneen- 
tralton of the food npon which they live. Thus in llie flMli-eutiug 

I animala it ia very nnatl, only n alight eniorgemcnt of the csoptiagal 
tobe; while In those which feed upon herbage, it ia diatended int« 
•n enormona aaTity, or rather into eevora], as iu tho rutamanlt, cowt^ 
•lieep, Ac. 
637- UTenemnetaaMt-^Thewalli of the atomach oonriot of 
fliroo membraDoua eoata. The enter layer is a smooth, gllsl«ning, 
WhttiHh memhrnno (lerau* membrane), lining the alidomon, and cover 
log all theintemnlorgnna, which it strengtheni^ and by Ita tmootbneik 
■Dd oonstont moistnre, permit* them to move npon eouh other witb- 
wrt trriUEion. The middle coat consiats of two layers of mascnlar 
4brea or luuids, one of which mas lengthways, and the other crotswaY*. 
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or aroond the orf^oii. By means of these mDsdee Uie stamach mi^ 

contract its diiuensiona in all lUrectionx, eo as to adapt its ctpadt; la 
the amount of its contents. Tliey aiso give to tba organ its constant 
oiotion daring digeutiun. Tbe third laj^r of the stomach {mueov* mcii- 
broTte) lines its internal aarface. It is a soft, velvet-like memttmw, 
of a polo pink color, in health, and of much greater extent than ^ 
ont«r coata, by which it is thrown into folds or wrinkles. It is oou- 
itantly covered with e thin, transpnTeiit, viscid mucus. 

638. Hotltu If the Slwiadi.— The food apon vhich oporetjons hsr« 
been conimeDOed in tho mouth, U pv>Eed into the stomach, but it a 
not permitted to rest. By Uio sncceesive contraction And relasatlonui' 
iu muscular bands, tlio stomach imports to its contents a constant 
cliumjng^ or revolving motaon. In the colebrfttod case of Si. 
Maktin, a Oanadion eoldior, whose stomach wss opeaed by a gonahot 
wound in the side, aod healed op leaving a permanent orifice (ffatiHe 
fitlula), Dr. BKADtioNT mode nnmcrous observatjooa of digeetite 
phonomena. Ho thua describes the movements of food within ilM or- 
gan. " Alter passing the wophagal ring it moves from right to left along 
the small arch ; tlien through the large on rvataro from left to right The 
bolna (taaltowiid mimt/i/iil), as it enters the cardiac, tatns to tiie leA, 
desrond^ into the splenic extremity (larffe eztremit^ tuar tiM ipleen), 
and follows the great curvature towards tho pyloric end. It then re- 
turns ia the course of the smaller curvature, performing similai rovola- 
tlona. These revolulious are completed in from one to three minnttiL 
Thoy are slower at first, tliau after digestion is con^derably ad- 
vanced," Tho motion is not absolutely constant, but continaee for a 
few minutes at a, time. If the food remains in the stomach three 
hours it travels round and round through this dronlt two or three 
hundred times ; — to what purpose i 

639. manle arraigeaenls for Stemath DIgmlltB.— Before consideriDh 
what takes place in the etomach, we must have a closer view of ito 

mechanism. The lining layer of this organ ia cnri- 

oosly and admirably constructed, though it reqnires 

n£^ the microscope to see it. Magnified about TO 

^n|^^ dinmelera themucDuemembraneexliibitBthohDney- 

^SStS^S combed appearance seen in Fig. 119. Into thew 

"■ ^» reticulated spaoes, there open little oup-shaped 

cavities called ttomath fallicUt^ whioh are about 
■200 of an inch in diameter. They are closely 

paclicd together in the mucous membrane, so that 
cut throngti, and viewed with the ratoroeoopo, it looka 
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like pnlia«dinf5, or lilte little fln»k" or twl-tobos close pHokcd and op- 
right ; many thouaanda of these upright cylindrioal caviiics |>oing 
Mt in a aqniire Inch of Enrface. Tbej ore of different depilia in 
t parts of tlio Bloiiiacb, and tbej terminate at the bottont ia 
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minute doaed tnboa. Tlie arron^mont has been 
Ukeiied to a littl« glovo, Uie band of vhich opens 
Into the itomacfa, while ttie fingers are boriod : 
Uie t)Hae beneatli. l?\g. UT, represents tbe b 
crttiuf follicles in tbe etomacb of a dog at^r 
twelve houra' nlMtinenoc ; a, from tbe middle re- 
gion of tb« etumacb ; ft, from near tbe pytoms; cd, ^1 
the raoQtUB opuning npoo tbe siuface, « /, ihe closed 
tnbca imbMlded ID the membrsno below. The walls 
of tbceo carilica ore wobb«d ovar with a tissne of I 
most ddioat«bloodres«b, carrying HtroiuDs of blood J 
—II network of veina tnrroanda their oatletji npon i 
ttw BOrGue of the membrane, whik nerv«a ii 
Mnbl« pervade tbe whole amui^iuout. 

SiO. a* af ikaat UUI« pMkat-ahapM Tctidt— What, now, ta the 

nrpoae served by these int«reiiUng little uontrivance!) t It is to 

1 HfMrate from the blood the digestive flnid of ibe st4>mach. Bat they 

~i not eSiot this dirccUy ; auuther agoncj, — that of cells (4M), — ia 

died into play. Tbe gaalrio Joice does not simply oozo or distil 

om the Mood inia tbe ilomach. It is m an u factored by a detcrmi- 

Kta prooeaa. " For enoh minateit microscopic drop of It, a cell of 

t itmctnre must be developed, grow, barvt and bo dissolved." 

a of Ibe cavities, in the little tubular roots, the seeds or 

iae in immense nnmlierB. Recurring lo the simile of 

in each finger, at tbe tip and npon-ils sides, tbe oells 

L, nourialied by the blood, multiply and swell until 

7 aw driven op in crowds into the baud or larger cavity, and hnv- 

I tog reached tbelr full maturity, are pushed ont at the surface, burst, 

nd doUrer their contents into the stomaAi. 

641 . Tk« fttttilt nfflj Ut rM4. — Tlie digestive principles are thns 

1 t product of cell-action, and into their preparation there cnten tlie 

[ abmonl of time. Though sborMlved, a certain period tnnat elapau 

r their production. During digestion tlie cells are p«rfeot«l In tn- 

S«dibto numbers, and yield targe amuunta of fluid. Daring fasting, 

v full-grown cells esoape ; the tubes c^Ilipse, and an opportonlty Is 

t allowed fiir the prodnoUoa of anew stock of gortns or c«ll-graJns. If 

~ k be so, it mnut follow that we cannot with Impunity iulerfere with 
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membrBiie. Tbi« epithelium, seted on hj the oijg«D Bwallowed in 

the frothy saliva, excites the digestive fermentation attribnloil lu 
pepND. It laaj be remarked that thie Mumooh fermentstioa caimoC 
change the starch of food into alcohol and rarbonio acid, nor gire list 
to gaies, altlioQgh in morbid oondiiione of the organ other f«nn«iU- 
tiona maj arise in the alimontai^ mass. 

047. CMtilc DIcMttta (MWtuis mn Oim MiUod.— It was fonnerh 
tbongbt that digeeUon was simpl; eolntion, or cbanga of alimentarj 
matter to the liquid state ; but late investigations inform os that nn- 
tritivo BQbstonces are more than dissolved, they ore really altered in 
properties. The Qitrogeaoits mattert ore not only dissolved, bat are 
so modified as to rgmaiji dissolved. In ordinnry aolntion a solid body 
ii changed to a liquid by the action of another liquid or eolvent ; but 
when the solvent is removed the dissolved rabslance again ruonies iu 
solid condition. Not so, however, in gastric digeation ; the digortive 
flaid dissolves albumen, fibrin, casein ; but as it cannot accompany tliem 
to maintain tliem in this state, it impresses npon them a etill further 
cliange, by which they continue soluble. Casein iu milk, and liquid 
albumen are already dissolved when swallowed ; bat thej ai« not 
digested, and the first act of tlie stoinach ia to coagulate or solidify 
both. Thoy are then dissolvcilagain, and ao altered as to retain the new 
condition under droumstanoes wliich wonld have been befura tmpoe- 
sible; while their capability of being absorbed, so as to pass into the 
blood, is greatly increased. The term 'pfptoiu' has been given to 
nitrogenous matters changed in this way ; thus albumen pnidnots 
an alb omen-peptone ; fibrin, a fibrin-peptone ; and (^sein, a oasein- 
peptone, — substances which have lost the power of coagnlatlng or 
setting into a jelly as they did when dissolved before. It 1ms been 
found that oil plays a part in the changes by which the peptones an 
produced ; so that, although oily matters are certainly not thenudTes 
digested in the stomach, they are made to serve a nsofnl porpose In 
passing throagh it. The nitrogenous matters are not chemically 
altered, cKcept perhnps by combining with water. 

G18. Aftim af BbUtr Ib tke SUaaeh.— The alkaline saliva attacks 
the sngar and starch in the mouth, and has tlie power of rapidly 
changing the starch into sugar, and that into lactic acid. Bui tha 
food tarries only a few moments in the month ; charged with its alka- 
line solvent, it descends into the acid region of tlie stomach. Bat 
adds and alkalies cannot get on together. They either kill each 
other, or if one is the strongest or most abundant, it destroys the 
Other though nut without injoiy to ttselC Uence, whenever the sahra 



DiOBsnoif — CBAsavB or thb btoiucb. 

pound* ranBio nnalterod, the gastric fluid ttiking effect onl; apoD 
nitrogen oui sabstAnces. 

6i&. IttlH »t the itM ud FcranL — If coagulated wLite of egg 
be placed id water ociduIatMl with hjrdrucblorio acid, tto aolvoDt 
action takea place at common temperatures for a long time. If the 
temiieratare tie raised to IGO", s slow dissolving effect begins, which 
)■ mach increased at the boiling heat. But if a little 'pepdn'be 
added Ui the liquid the solution goea on actively, so that the pep^n, 
•s It were, replaces the effect of a high temperature. An onnoo of 
wbUt mixed with twelve drops of hjdrocbluric acid and one grain 
of pepsin, will completel; dissolve the white of an egg in two hours 
at the tomperatare of the stnmacb (100°). It acts in the some manner 
on vhuese, flesh, vegetable glaten, and the whole nitrogenous gronp, 
changing them to the hquid form. Tiieso are the results of an arti- 
jkial gastrio juice, but they dto oxaetl; the same in kind u tlioee 
which talte place in the stomach. Drs. Biddbk and StrmasT, wbcM 
rMCATclies upon digestion are the most recent and extensive, have 
I Aown that gostriu Juice withdrawn from the stomach and placed Id 
I Tial^ produces ujion food precisely the saine alterations as occur in 
f th» stomach, only much more slowly. In consequence of the motions 
I ff the rtomach turning the aliment rouwl and round, and the flow of 
le wcretions widch constantly wanbes away tlte dissolved parU nud 
[poM* fVcah surfaces, the action proceeds abont Ave times CMter 
I vithin the body thiui witliout, but the natore of the rc«ulu le iden- 
tical. 

0411. What Is Ike DIgoUtc Feramt SiMawe t— There bos been mnch 

•oDtroveniy about pepsin; what is it? A snlwtanco in tlio gastrio 

fluid duicoTcred by Souwan a few years ago, and supposed to be » 

peculiar principle ■pecially proparDd fur digestive purpoeoc It may 

be ol>t«ined fro[n gastric Julr«, or by sntklng the membrane of a oalT* 

lb {rtnTUt). When proper means ore taken to separate and dry 

h, It appears as n yellow gummy inaas. Its potency for digestive pnr- 

pnwfl was proved by Wash amx, who showed that a solution containing 

' «i1yl-S0,OO0th part, if slightly aeidnlBtedidLMoIvnteongnlatedalbanien 

In six or eight honn, LotBia U, however, disiuclioed to reganl prpidn 

I ■■ a peculiar digestive agent. He tuainuiins that the renneulativw 

flbange of digeation is dno to minute parts of the mucous membrane of 

the atomach, separated and in a state of decomposition. Thesnrfaeeof 

I tbat membrane is lined with wliat in eollad tpitMiam, oomposod at 

I Orei^ngly thin filmy cells ; and phyitiolugisbi have disoovereil, ttiat 

t inring digestion it separatee completely (htm the other layers of- the 
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fonuedj UUered. VlMt goea fanrari m Aa i faw afc, Rllhi 
peat imporUnce, afforda bat » pvtnl ri«ir «f tiw whole 
Dr. Bkacmoitt made an adnnnUe Knea of otmmtiMM 
otpo, and did much to adTanoa dte iaqnitj. Tet the valne 
M ffliDtitidwiil bj the imperiMt kiioirl«d0B of h 
« Uu oooitaiitlj muled bj tiie cotiTidi 
MtiTe agent, the gaatrio juice, and bnt m 

'. Weq>esk<^ JUi ti«»«,aa if benu^tbave li 
J tbe liine bj the conne of invcaligatioii, he i 
e hiatorj of adence baa a chfODologj of deeds, ai _ 
ynhat haabeeoaccoropluhed. Dctat, anooiiDciiig tba ft 

r, in ITST, atood moch Dearer Touxs, of aocioit Greece^ 
la piece of amber, tlian to Prof. UoaaK, pateoting th« electio- 
inagoetJC telegraph, in 1887. Within a 'jnarler of a centni?, i 
and animal cbemiatrj bare risen to the position of separate and I 
dtfMDdentbranobea of adence; and it is hardly an eiaggeratioa (o ■ 
that more has been done toeladdste the anbject of digestion in IbeP 
yeara that have elapsed a ince Dr. Biadhost began his k 
tlyw waa acoompliahed by ull the phyaiologina who preceded k 
thoaghire are far enough jet from aoj thing lilce a cJearii^ up of tf 
■object Begar^ng digestion, comprehensively, as the U ~ ~ 
fkinction, we are to lake into account not only the RolnMlitj of il 
ments, bnt their confurmabilit; to the blood If two anhsUncea ■ 
diasolved with equal ease, that will be tbe more digosUble which 1 
the grualest eimilaritj to some constitacnt of the blood. Gam, ft 
example, in inuoh more easily diswlved than fat, jot the latter ia 
coDHtont constitoent of blood, while tbe former is never foond t 
Gum, to be made available, mnat pasa throogfa a series of transforn 
tiona, — aagar, lactic acid, bntyrie acid, while fikt pasaea into the oiren- 
latlon witbont decomposition. *' If tbe conformity of two alimeotary 
principles with the conatitoenta of the blood ia eqoal, the more scdabla 
ifl the more digesLiblo. Soluble albnmen and fibrin stand eqoally a 
tu the blood, both being cuutiuocd in it ; sa tbe soluble albnmen S 
however more readily dissolved in tbe digestive juices than fibrin, ti 
digestion of the latter ia more difficnit." We thns see that tbe d 
tibility of foo<lH ia not tbe more matter of tbe time ^ tolutian ii 
atiiinuch that has been gcnorally anpposed, but involves mnoh m 
Uounwhile, Dr. Bsadhort's statements of the periods which variooa 
aliiiieutary auhstoncea require to break down into oh^rme i 
erviceable, if received with due i 
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Tnial^HlDlv^'frMh.^ 

A prlia. nrteU atUam 
•— "lOMtoii 



-udllin, vund, dij . . 



urluiy, BlU... 
■■ dmnMUattd 



Mail Imbed with 



<M>bM^«4 

CblekM, Aill«nnra 
ApplM.»ar.taid,. 

onun, mA 

•■--fc fttHwl rv«ii , 
t fNah, Imb, n 



kuilini, frcih.. 



BoUsd... 
BoUfd... 
Boiled... 



Btkti... 
iUw..,. 



OjX.fM.tnmh 

Pork. rceuUr nllod 

PoitilHk 

Carnbm4 

HiiHaB.trMh 

.'X^KS'.::::::: 



OwtMl till, tam-s.. 



Floandir.ftHb.... 



Oon. CTMB, Abw 
Vgwl*, donHUiL.. 



V-i,ltfth 

Sdup, bs«t T<c*U- I 
Mm, ud btwd t 

Balmoo, inlud 

UmR,uIiuI 

BhI; bM. lurd. HlM 
Pnrt. MOMiily •-'*-' 

racfc.nHBUir'a 



TMl.lMt 

P«ki Aituil )«• 

flnatfrserfrub. 

TWo* 



UrollwL. 
RoHtad. 

B«k*d... 



DoiJed,. 
BalW.. 
BMIid.. 
Bal)«it.. 
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B power poawnod hj liqniilfl 
snd guM of penetrating and paMiog throngb membrane*, is of tJie 
highest ph;aiulugie&l imporUnoe ; Indeed it it one uf tlio primnry 
OODditiooa of lifo. The IllUe cell, the starting-point of organUtttion, 
Ii a eloood bng — nilJiout on aperture. All its noDrlBhmcnt must 
thurufore paM tliroagit iu membranoiuwalL So also witli the pcrfrat 
animal bodjr. Oorreala ud tidea of Juioea ore oonAontlj Belting tliis 
mny and tliat, throngli tits mtmbranona ndee of vewela. The Uiiucfied 
fimd is deatined to paw faito the blood, bot there b no open door 
Or paMaga hj which it ran get there, nnd so it enters the ciruu- 
iMIng TMaela bj atriki/iK at onoe through tli«ir udca. In this wny, 
vater drank la abaorbed b; the minute roina di»tribut«d over the rar- 
hoe of the itamBoh, And enters tiio circulatory current dircotl;. Tlita 




is proved by ihe fant that when tbe ondet U> ibe stonuch is dowd bj 
tying the pylorio eitremitj, water which has bom swnllowed rapidtj 
disAppeare from tbe orgait, and modiciues taken prodDC« tbrar efiecti 
upon the ^jstem almost as promptly aa ander nslaral circumstanceBi 
la the Bsme way portions of eagar, lactio add and digested nitro- 
genouB BubslOQces, wliich are dissolred in water, pass ioto the blood 
by absorption throngh the stomach reiaa. The conteirta of the stomacli 
thus leave it in two direction^ — a portion is ateorbed throogh tha 
coatB of the organ, while the nnabaorbed matters gradaidly ooia 
throngh the valmlar opening that leads into the inteatiucb 
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tioD of the iiitciCiiinl tract (tnall intttUnt). Tbia Is a tabs 4bOTit 90 
feet in length, with a oarface of some 8,G00 sqaoro inches, nnd is th« 
organ de«igned fur finishing the digestive prooosa. The genwttl 
Hohcme of the digostivo tract in man is exhibited in fig. 118. Into 
the duodeiiutn, and but a few inches from the valve of entrance two 
amoll tut>w (liMUi open, one leading from tbe liTer and pouring in 
bile, tLtxd the Dthor Ihiin the pancrau, yielding pan«TV(>{i«^i«e, the 
(|UAiitity of the fonner being much greater than of the latter. Both 
of tlifiM liquids are stronglj atkaUne from the presence of eoda. Th« 
paricroatio Juice much re«emblas boUvb in properties; indeed the 
panoreaa itself is so like the salivary gknda as to be grou|>ed with 
thorn. From the walla of the iutestino there is also poured ont a 
fluid called tlie iitt*itinal juice. It is sooretud io small bat variable 
quantitiM. nud is olkolioe like the oilier secretions. 

053. ChangM !■ Um Uttitlul PMage.— Wo find that tbe oUcaline 
digeatioii of the mouth is now reeuoied. The starch is attacked eaer- 
gt'ticali}- and mpldiy changed into sugar, and tliat to lactio acid. The 
tnly Bubslances hitherto untouched hy the digestive agents arc now 
acted upon, uot perfMtlj disBolrcd lilce the other alimentary matter 
bnt reduced to the condition of an mnubion, it« particles being verj 
fiuely divIdiMi and rendered capable of absorpijon. It is bolieved that 
tbe Pancreatic jnice Is tiic offleiont or principal ngent in producing 
these ciiangea ; although the bile aiidoubt«dly contribntos to the effect 
In some way not yet undarHlood. As undigested albuiuiiiuus matter 
is omslantly liable to escape llirongh the pyloric gateway iuto the in- 
teitiriiis, it socnis reiiuired that they aliould be capable, upon emer- 
gency, of completing tlie unfinished work, and such realty appears (o be 
the case. Although the seore^ons poured into the intestine ore nil 
distinctly alkaliuo, yet they convert sugar so actively into lactic acid, 
tl>at the intestinal moss quickly Iwoomee acidolons — strongly so, ns ii 
■dvancM to the lower portion, llie oooditioos are thus afforded for 
the digestion of nitrogenous matters In the Intestines, wblob is known 
Oflen to bsko place, although their ordinary funciian is admitted to be 
digestion of nou-nllrogcuous substances, starch, sugar, and Ent, 

GM. Ibser^ee tr*m tke laUetUw. — The nntrimcnt being finely dis- 
eolved, is abnurbed thruugli the coaU of the intestine, but uot all in 
the same manner. Those suliftancca which are completely dinolved 
in water, aro token np by the i^ua, which ore prui^uoly distributed 
Over the intestioal surface, while tbe oily and fatly matters, which are 
not so perfectly diteolved, are Uikea op bj a special arrangement of 
Teasels, called the laetsaU, wUoh ere extremely One tubee uisiiig In the 
L 16" ' , 
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titt«>tiiul coots. The7 were formerlj supposed to b« open at tbi 
tramitiea, bat the; are now iMa to preaent fine, blnot ends to 
teMiiuil CATitT. now oil^ mbstances get eatrance into tbene tdl 
■n <rii] phjEiotogictJ piiizl& The membnUM is mcrfM, and water 
oil ; bow then cbo it be imbibed t Yet it oonatAntlT fiowa Ihroq^ 
Hm tjung is aoeonplisbed by the agencj of m1I«, which are pradnesd 
in Tut DDmbera daring lacteal absorption, Theae contain the oil, aad 
bonttng, deUrer it to the abaorbeot Tesseits. The liqaid which enten 
the Iscteals ii white, milk-Uko, and rich in oil. These veoeeb an 
gathered into knota ^gl^lndl), so as to be greatl; prolonged withool 
oonwuning space. Thej finally gather Into a tabe (lAoraeie dtiel)^ and 
poor their contents into a luge vein near the left shoulder. In its 
roale, there ia a diaappcarance of the large proportion of oil ; and 
albnmen, which either entered from the intestine, or bos afterwards 
transuded from the bloodvcaels into the Ucttsls, is gradooDj 
changed to fibrin, the liquid acquiring the power of clotting or coag- 
ulating. 

B56. CtaiUpadBg and Liutlre Feodt. — The walls of the alimentaiT' 
canal liaving absorbed from its oontonts such parts as are adapted 
noarishtnent, there reratuna an nndigesled rcaidue which 
tcrvals from the bowels. The conditjons of the intestines in referei 
to the retention or ready passage of eicreuentitioos ntatten, b li 
to variatiun from many canses. Amongst these, the natnre of 
food itself is infinentiaL Some aliments have a rel&xing effect, 
others are of a binding uatnre, or tend to constipation, and tb^ 
much in the degree in which these effects are produced. Theesi 
suits are not, however, always dna to apedfio active effects pi 
□pon the bowels ; for some foods, as meats, eggs, milk, are oonaidf 
to be binding, becatise they are completely absorbed, and leave 
residoe to excite the intcatines to action. Those aliments are 
adapted to relieve a costive habit of body which leave much andij 
refuse to stimnlnte the intestines to ft%e action. In this relation wv' 
may group tlie most important ahaenls, according to their reputed 
characters, as follows ; 




B. FiH&L Destination ot Foods. ^^| 

666. Digested alimetiUty matter euteri the cironUtion and bocom«a 

SLOOD. TUiB floia is contained in a Byatem of Teeeelfl. which oilemia 

to all parts of the bodj. It has bceu aptly called the flonting cupiUl 

of the BjsUdi, Ifins between absorption and natrition. Its quantity 

u • rapid stnam incewantly throogli the body, circulating round and 
nwnd, 10 as to be brooght luto relation witii lUl parts (624). 

with ago, sex, constilDlion, and stat« of health ; it is al«o liable to acci- 
dental variations, as the snpplica to it are iwriudio and fluctuating, 
. while the draught upon it, thoogh oonstMt, is ioistea>ly. It conaists 
of about TH per c«nL w«ter and 23 per cent, wilid food dissolved iu it. 
When evaporated to dryness, tho solid matter is fonnd to consist of: 








668. KtU Dlso, GtoholM, w CeBfc_To tho naked eye blood nppem 

■whirh ore tho grand inslniniOTits of obongo in Ibo swiguiuory fluid. 

oorer the head of a small pb. while in a single drop of blood which 

,!• M many as three millions. And yet each of these little bodies, 
irtildi dwells down so low in the re^ona of lennity that the unas- 
Ated eye cannot dUooror it, wcms to be an 

«reor, is bom, grows, performs its offices, and -S^rt 'fcj 
dlw like the most perfect being, though the phy- **'ijL Ct **■ 
rfologist tells us that twenty millions of them A^ Q ^ 
^iah at every beat of the palae. Figii. 1 1 9 au^ Jr mA 

la its debuls is onrioDB and most interesting, but A ^^M 
ire have no space to oonaider.it here, and it fa -„i ii^ h i i ^H 

to giTe of the final influence of foo.i ui«n tlie S^^gM^'lZtKi^^' ^H 
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•C pwpMC •f tka Hiuui Bod;.— Tb« liTing mail i* pi» 
ir Donsideration as an eogioe of poner — a bt^ag eapableof 
ig «&cte. The boo; framework within b broken into nmner- 
nit of free motiou. A oomplioat^d and exten^re ap- 
paratQS of contractile mnacleB is prorided for me- 
chanical movement. Tbe nerroiu a^ stem bindj 
tlie whole into a oo-operatiug nnity^, presided dyv 
bj tbe brwn, which not only regol&tea and gov- 
erns tbe animal nature, bnt is tbe material aeatel 
intellectual power. Altogether, the boc^ dia- 
closea its supremo pnrpoBe to be the reeeptioD cf 
impresjions by the seaece, and the development 
aod expenditore of phjeical and mental forca . 
^y**' Bat force cannot be produced out of nothing. 

O The body cannot and does not ereaU iL Aa there 

^^ '".»*' H?"' iho"™i ■* "" 8*'''^*'"^ ^"^ '° '^^ coarse of eventa upon 
iiiDCDi dT biudd;. the earth, there is either the creatioii or deetnic- 

tion of a single atom of matter, so it is believed 
that, in no absolute sense is force eitber'orealed or destroyed. It 
obaoges states, disappears, and remuns latent or reappears in diSbrent 
forms, but its total amount is thought to correspond witii the total 
quantity and fixed propcrcica of matter. Power is tbna not lii 
gtntraled in the body, but ia developed or made aotlTe then b; 
tidn dotjuite cauBes. It ia dealrable to understand, as &r asw 
be able, the conditlona of iis production. 

660. Food prtdntU by the aftlan of Partes.— The stream of nliment 
which flows into the system from wit]iont,.coDsL-its mainly of carbun, 
oxygon, hydrogen, uid nitrogen. These, when left to tlie ondiatarbed 
play of their attractions, take the compound form of water, carbonic 
aoid, aud ammonia, natural and permanent conditions of equiUbrinm 
from which they are not incUnod to depart. These three substances 
oonstitnte tbe chief nonrishaient of tlie vcgetabU kingdom. Throng 
the roots, or by direct absorption from the air, they get admiasion into 
the vegetable loa^ the crucible of nature, where oi^nized componnd* 
originate. They are there decomposed and tlirown into new arranp»- 
uienta, forming new compoonda. Simple aubstancet^ those having few 
atoms, are destroyed, and the atoms built together into more com]>lex 
iubetnnce«^ with greater numbers of atoms. Tbe changes ar« from 
tlie loner to the higher, ascending, cooiitraotivc. Now carbonic acid, 
<«aLer, and ammonia caDnotEe(>arute and re-arrange themtelett, nor can 
liiey ba separated and re-orranged witboutan enormous eapendttoreof 



tbe total 
)tlit«nlMH 
imbygJH 



S FIS4L BtaxmATIOM. 34ft 

|M>wer. Man with h'u utmost skill cannot imitatB tlie first step in tha 
olieniiEtrj of the plant. Ever; greeo leaf upun tlie rarfnce of the ro- 
Tolviog globe decomposes carbonto acid every day at the ordioarj 
teiDperatares, MUt n[/ yr-M M« ftcyysn, a thingwhich the chemist cannot 
accomplish with all tlie forces at his command, Kor are we to sup- 
ptwe that tho )e«f itself does it ; that cannot originaU forc« any more 
tlian the water-wheel ar the steam-engine; it must be ael'd vpon. 
Ovbonio acid is only decomposed in the loaf daring the dsj'time b; 
I tile power of light; the effect is produced by solar radiations. All 
tone aliments originate under theM oironmatancea in TegutoUoo. 
Though we consume flesh, we only go by the route of another animal 
. back to the plant; our food is all fabricated there. A ninud life begins 
Is Bustmned by componndt wbiob are the last and highest product 
tt the creative energy of plants. The animal is nourished from its 
Unod, but it does not in any seme predute il-, it only gives it farm; 
e constituents of blood am generated in plants, slurod up in their 
•MnIb, which are the crowning rteolls of vegetable life, and with the 
uturity (<f wliioh, tiiost plants employed by man, as food, [lerish, 
^montd are tliue conipoecd of atoms that havo been forced from a 
lower into a higher ooub'maiioniu plants, uud in their new state they 
npri-sunt the auiuont of force nece«sary to place them there. The 
particles of sugar, starch, ml, gluten, fto., are little reeervolni of 
power, rveeuihling bent or coiled springs, whicli have been wound np 
IbUi organiu combination by nothing lew than solar enginery. It is 
e Diaterinls, diteolrod in water, that constitute blood, and with 
' irbich the Buiinal system ia kept porpetoally charged. The drcnlating 
u of the living body is of celestial coinage ; it is a dynamic pro* 
lAttCt of astronoiuio agenoioti. The energies of the stellar unlveno it> 
.Mlf ar« brought into rvquisition to establish the posaiblo conditions ol 

)llife(8>. 

t oei. law FMd pralaMi ifilaul Feret,— Food represents force, but 
k is force in a stale of equilibrium or rust, Just like a pond of watei 
.•Rcluoed on all sides. Bnt if we uioke an outlet to tlie pond, its force 
« becomes active and aridhiblc. So the qni^sceut ftirc« of food 
ia to become aotire animal power; bnt how t There entere the vital 
Mttrrent tnoeMantly from the outward world another stnau of matter, 
«Pt solid bat gaaMKU, oxygen from the air, which coma by the route of 
tke lungs. It is the office of this agent to unlock the organic springs 
tfcroughoat the vital domain. W« have stated before that oxygen ia 
Ml afWDt of destmctioa (8M) ; It b the foe of the organised state. 
~ »griHasBof uro wih, and the prodootioa of food in the >ea^ w 
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risted In forcing carbon and hydrogen oat of its grasp ; bnt in Uie u^ 
mai fabrta it is desUned to take possession of them again. Tlie food, 
a* we have seco, is not destroyed in digeetion, it is otHj dissolved ; bnt 
in tlie blood and tissnea it is deetined to nndei^ a eeries of deconipo- 
HitioQB, which are marlced hy the production of compoanda ricberand 
richer in oijgen, nntil finnily they are thrown from the body loaded 
to their Dtmost capacity with this snbatance. The conrse of chi 
tliat cbaracteriMB the animal is descending, from higher to lower, 
the complex to the Bimple, from componniis centring compar&tii 
little oxygen to those uont^ning mnob. In this deccmpoeiti* 
ment, under the inSuenoe of inspired oxygen, bodily force originates' 
We see every day -that eleam power resnlts from tlie destmction of 
fiiel nnder the boiler by atmospheric oiygen, and that electric power 
comes from the oxgdnlion or deetrnction of metal by the liqnid 
galvanic battery ; but it is equally tme tliat the oonditigna of hi 
power are the oxidation of food and its products in the system. 
not from the more introdncUon of aliment into the system that 
obtain strength and nourishment, bat from its dtitrvetion. 
of food, of course, serves to bnild up the t>odi]y fabric, bat it 
continues in that state transiently; it is all finally decomposed 
dissevered into the simplest inorgaaio forms. 

eOS. DmrndtTe agcDtr of Oijcra. — The l>ody is bailt of aliment, 
which gives rise by iis destruction to force, but the initnediate active 
agent which destroys the body, and thus develops force, is oxygen 
withdrawn from the air. From the moment of birth to the moment 
of death, every living animal is inoessantly occnpied in introdacing 
this element into tlie t>ody to maintain the conditions of force t>y its 
constant destrootive action. If the current of oxygen flowing toward 
a limb, a muscle, or tlie brain, bo arrested, those parts instantaneoasly 
lose their power of action. The body of every animal is Icept charged 
with this' gas every instant of its active existence. If a man b aban- 
doned to the acUon of lur, that is, if no other matter b taken into 
his system, we quickly discover the peculiar agency of o]^gen. He 
loses weight at every breath. Inspired oxygen, home by tlie arterial 
current, cats its destructive way through every minutest part, decom-, 
posing the constituents of both blood and tisanes. Tbefat 
first, then the masoolsr portions, the body becoming rednced 
' emaciated, yet the waste most proceed if life is to last. The 
attacked, its offices dlsturl>ed, delirimn supervenes, and there is 
of life. Wo coll this tlarration ; it is a conditiiTi in which ** atmo»- 
Dliaric oxygen acts like a sikord, which grodnally but irresistibly pon- 
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[ lb«te« to Uie centrsl point of life, and pnU an end to its aotivitf^ 
— {LiEBio.) Had food Iwgq regularly introduced, it would have 
opposed ft conBtont rcsislanco to tliaC agent, that is, it would hara 
oftbred itself fur ilestruclion and fur repair, and tbns have protected 
the «;stou from the fatal Inrooding effects of oxjgen. 

ess. CMkutlM wUbIn tlw Badj.— Tbo term comhutwn ia com- 
I SBonl; applied to that rapid (wmbination of oxygen .with other ela- 
I neDts, by which a high heat is produoe^l, accompanied with light. 
But tho eraence of the proceaa ia, not its rate, but the nature and di- 
rection of the chongea. Ii may go forwart at m decrees of speed, 
the tffecU being leu iutenM tfaealower itprooeed^ The changes tiiut 
go on in tho bod; are the aamo bb Uiobo in the atove. There is losa of 
oxygen, doetruclion of comliusliblo matter, oxidized products (car- 
bonic acid and water), and th« development of heal, in one caae 
rapidly, in tlie other slowly ; in both casea, in proportion to the amount 
of matter changed. The destruction of aliment in the body ia, thera- 
fure, a real burning ; a dow, silent, regulated conbaation. 

DM. U F»wb DM CiiallT CMkuUUt. — Poods ore destined to b« 
burned in tho body, but they do not all consume alike. Wo-fonnd it 
nocMsory, at the outset, to divide tbe alinieqta into two great groups, 
hosed upon their composition — those which contain nitrogen, and 
tliuui which do not. We next found a twofold digestion, in which 
ttiis distinction is recognized; an acid digestion for nitrogenous mat- 
ters, and an alkaline digestion for the otfaera. And wo are now to 
find that this fundoniental diffijrenco is observed in their final uses, — 
in llieir relations to oxygen, and modes of destmction. All fooda ore 
cnpnblu of being burned, and an bnrnod ; hat there is a wide difference 
in their facility of undergoing Uiia change, and npon that difference 
depends the very existence of the bo^ly Btmcture. It is clear that if 
ccrtun substances are ti> be burned in tho blood, and others are to c»- 
CDj-e ft'oui it unbamed, tbe lntl«r must be leas combustible than the 
furiiier, or tliey would all be consuraod together. Accordingly the 
[lon-nitrogcnous bodies, sugar, starch, oil, are easy of combustion: 
while the albuminous componniia are burned with much greater 
dilllodtyi these latter are drawn ont of tho blood, and used in the 
e(>n«tmotion of all the tissnes of tbe ^»t£m. The bodily structure*, 
•rhich require to have a oertain degree of permanence, are built of ni- 
troganoua substanoea, having a low combustibility. Tbe case is roughly 
represent^ by what ooonra in a oommon store. Butb tbe fuel and 
the »ore itself are combustible. Tho iron Is capable of being burned 
ir proper olrcBimtauoes, as trul/ as tbe wood or ooal ; sud In 
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of Um ■uimal body, ■LUogcB baa tbe fieritkat mBt neH au far ozTpai 
and wbst b Hill mm* raaartaUe, it defairta ^ «oab«atibla da- 
RKBt* with wtaidt it coantniMa, to a greater or ku axtHi^ of tkt 
power of cowtaniiif with oiyBcn, orof imdacgrti^ccintwrtiBM. Xngj 
mill ^iiiiniilliii iiihiiiiii iiiiiiiliiiiiniilHj iif |iiiiiniliniiiii. aniTiJtijJiiigMi. 
bat by oombiiuDf with nitrogen, tbej prodooe oompMnAi taiMjr 
dtatitota of eombostilnli^ and inflammabilitj omder the nraal dreo*^ 
■anoea. Fboepborna t^ea fire at tbebcatof tbe body; wUletbt 
phosphtiret of mtrogen onlr ignites at a red lieat, and in ttXfgM ^t, 
but doea not eontiDiie to burn. Ammoma, a compatsad of lutrap^ 
with hjdrogen, oontaina 75 per cent., hj bulk, of the bighl; 9 
ble hydrogen; bttt in sp^e of ibia Ivge proportion of an d 
inflammable, ammonia cannot be set on firo at a red heaL AlBottaQ 
ooDipooada of nitrogen are, ocmipared with other bodiei^ dl 
oombnatibl^ and are DATor regarded as foci, because wltM th^dj 
tnim, they derdop a low degree of host, not sufficient to n 
adjacent parta to the kindling poinL So with allnimiDOai | 
in the blood and tiaacB; they are placed so low in the acale of « 
Inutibility, that the other groap of aliments is attacked and d 
fint. "Witiiout the powerful reeistanoe which tbe niljogutooa t) 
etitnents of tbe body, in conseqiieDce of their pecoliar nature as eoi*- 
pounds of nitrogen, oppose, twyood ail other parts, to the aotioa of the 
fur, ODimal life could not tnbast. Were the albnminooa coa^onad* 
OS destroetible or liable to alteration by the inhaled oxygen, as the 
HOD -nitrogenous ealMtanoe&, tbe rektivcly small qnontity of it daily 
snpiilied to the blood by tbe digeatiTO organs, would quickly disappear, 
aud the Blightest disturbimoi} of the digestive functions would, d ne- 
cewity, put an end to life." — (Libbio.) 

066. lkal-K«dMliig aad nssac-Htklae Fe*d»^-lD oonsidedng th« 
Soal usee of foods, we are to preserve tbe distinction with which wa 
began. Tho non-nilrogenons aliments, by their ready attraction for 
•xygen, seem devoted to simple combustion in the system, with only 
Jic evolution of heat; while tbe albnminuns componnds are devotvd 
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to tlie production of tiwiuo. The fifitC clnss i» honce called tbe heat- 
producijtg, talorifienl, or TOpiralor^ oliuieuts, while the cecond is 
dosigiiBted oa tbe titrte-forming, plaetie, or nittritiet aiimenU (430). 
Tills diftinctioa is to bo receiTed with dne limitation, for on the ooa 
band, fut, which stands at tbe beud of the boal-prodDoers, Is deposited 
and rct^nod in Uie cells of the tisKues, nithuut being immediatol; coo- 
Ruiucd, and ]irobabl; serres other important purposea beside prodno- 
ing beat (T3S) ; on tbe other hand, some nitrugeuoos substances (at 
gdatin, for ozoinple,) do not reprodaco tissue, while those which are 
worked np mto the straotoro of the Bj-steni, in their final diBsolntiou, 
minister also to its warmth. These facto, however, do not disturb the 
general proposition. That it is the chief purpose of sugar, staroh, veg- 
etable acids, and fat, to be destroyed in the bodj for the goncraUoD 
of warmth ; while olbamen, fibrin, and casoin, furnish tbe material for 
tissue, and lu Uioir destmction give rise to mechanical force, or animal 
jiower, — is a fact of great [ibyaiologiool interest and importaniw, uow 
regard),'*! as established, aad which was iiret distinctl; enunciated, [1- 
lostratod, and confirmed, hj Lubio. 
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^_. 667. CwHlut TepiptratiTC af tke Bad}.— The influence of tempera- 
ture over chemical trousfomiatioiis is all-controlling ; they are modified, 
hastened, ohcclfed, or stopped, bj variations in tbe degrees of heat 
The living bodj is charaolvrizod bj the moltiplioitj and rapidity of ila 
chemical transmutations. Indeed, the whole circle of Ufo-functiong 
is dependent upon the absolute precision of rate with which these vi- 
tal uhangee take place. A standard sud nnalterablo temperatnre is 
thureroro rei)ULrod for tbe hcaltliy animal organism, as a fondamental, 
controlling condition of vital movements— a certain flie4 degree of 
beat to wblcb all the vita] operations arc ndjusted. This standard 
tem[H.'ratnre of health in man, or blood boat, varies bat slightly f^om 
08°, the world over. Yet the external temperatore b ooostaQlly 
ctiangiog, duly with the appearance and disappuaranoe of the smi, and 
anoDally with the conrae of tbe seasons. We are accustomed to tn- 
qiicnt and rapid transitions of temperature, (ram 30 to 60 degree^ by 
tliu altemationH of day and night, sadden changes of weather, and by 
pofHingfrom wanne<liq>artmentaintotliecoIdairof winter. Tbeeircle 
af tbe seasons may expose us to a variation of more than a hundred 
degrees, while U>e extreme limits of lemperalnre to which man is nat- 
irally sometimes subjected in e<inatorial midsummer, and arotSc mid- 




winter, embrace a Btret«h of more than 200" of Uiethermometrieudk ] 
T«t tliroDgh all these thermal viciaiitailes, the hod}r of n 

' « hut lilUo from tlio constant normal of 98°, 

ess. H*« tb« B*ii lM« Biat. — In view of these facta, it bat bM 
DiointaiDcd that the Uviug body poseesees eome vital, nijBtdrioiii, h- 
ternal dofunc« against the itiSaenc« of external agents; indeed, thuii 
is sotnaUj omancipatod from their effecls. Bat thia is trhoDj- dnw' 
Otis ; the body possesses no snch exemption from oatword foroM; ttk 
a heated mass, which has Iha snine relation to Bnrronnding oljoitam 
auf other heated maas; when thej are hotter than itself it rttdat 
heat, when the; ore colder it loses heat; and the rat« of heatiiig or 
cooling depends opon the difference between the temperatare of tiM 
body, and that of the BurronndiDg medinm. Bat in oe^ly all cinmtn- 
Btancos, the temperature of the body is higher than the objects aroond. 
It is, therefore, almost constantly parting with ita heat. This isdoM 
in several ways. Tlie food and water which enters the etoinaeh eoU, 
are warmed, and in escaping cerry awsy n portion of tbe heat The 
air introduced into the lungs by respiration is warmed to the tempera- 
ture of the body, and hence every expired breath conveya away som« 
of tbe bodily warmth. This lose is variable ; aa the temperaCure of 
the outer air is lower, of conree more heat is repaired to warm il. 
The body also parts with its heat by radiation, just like any other ob- 
ject, and much is likewise lost by the contact of cold nirwilh the skin, 
which condncta it, away, a loss which is cont-idemble when the ur is 
in motion. This rapid carrying away of heat by Bir-cnrronla, eipliuM 
why it is that our tttualitmi often indicate a more intense cold than 
the thermomotcr. But, lastly, the body loses heat faster by evapora- 
tion than in any other way. This takes place from tbe anrfaoe of the 
akin, and from the lungs. About S| lbs. of water are nsaally eetimsti'd 
to be exhaled in the form of vapor daily, of which one-third escape* 
thmi the lengs, and two-thirds from the skin, which ia stated lo hara 
S8 miles of perspiratory tubing, for water-escape (797). We ahoU q 
custe the extent of tins cooling ogeucy, by recalling what n 
the amoant of heat swallowed np by Taporization (68), The wall 
the body at 98° receives 114''of sensible heat, and then 1000° of IB 
heat, before it is vaporized; hoDoe it carries away 1114° of heat from 
the body. 

069. Hew tha Be4y predices Heal. — To keep tbe system np to the 
standard point, notwitb.'ttanding this rapid and constant lose, there 
most l>o an active and unremitting source within. Ecat-force cannot 
be created out of nothing ; it must hare a definite and adequate cvao. 
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It to hy Uie deatraclion of food Uirough respiration, tliat aQimal Lest 
ia genemUd. The main phjsiolugical difference between the warm 
and tlio cuid-blooded onimals is, that the fonner breaUio actirelj, 
while tbo lutter do not. It is astoral, therefore, to connect together 
tlio distinctivo character of breathing, with the eqoall; disUactivo 
aharactor of greater warmth ; to suppose that the inikwant breatbtDg 
BO Doc.eMar;f to life, is the Bonrc« of the eqnally incesMnt snppljr of 
heat from within, k> necesssrj also to the coDtinnanoe of life; and 
this conDectioD to placed, beyond all doubt, when we attend to the 
[ihysioal circonutancea by which the change of starch and fat into 
carbonic acid and water is accompanied in the eitorna] air. If wA 
buru either of these sabstances in the air or in pure oxygen gas, Ihey 
disappear and are entirely transformed into carbonic acid and wal«r. 
This is what takes place al»o within the body. Bnt in the air, this 
cliafigo ia accompanied by a disengagement of heat and Ught, or, if it 
Uito phuM very slowly, of heat alone without vtoible light. Withia 
tbo iKxly it niDst be the same. Heat to given off continuonsly as th« 
starch, sngar and fat of the food, are changed within the body into 
carbuniu acid and water. In this, wo find the natural source of animal 
boat. Without thi< supply of hoat, the body would soon become 
cold and stiff. The formation of carbonic add and wat«r, therefore, 
continually goes on ; and when the IVxnI oeasoa to snpply the materially 
the body of the animal itaelf is burned away, so to speak, that the 
beat may still bo kept up. — (Joiinbtos.) There are certain period* 
iu the history of tbo plant, as germination and flowering, when oxy- 
gen is absorbed, combines with sngar and starch, and produces oar- 
boiiio acid and water, lu these caseA, the tempcratare of the seed 
and the flower at once rises, and becomoa independent of the sur- 
rounding medium. 

GTO. EAft ef knilklHC raiUtd Afr.—The doctrine, that animal heat 
is duo to oxidation in the system, to strikingly illustrated by what migb 
be termed ttarting the rt^ration. As cold u felt from want of 
food, »o also it to felt from want of air. In ascending high mounttuus, the 
effect iijion the system has been graphically expreesod as ' a oold to the 
marrow of the bones,' a difficulty of making muscular eserlton is ei- 
periunoed; the strongest man can scaroelj take a few steps wlthoet 
resting ; the operations of the brain are interfered with ; tliere to a pro- 
pensity to sleep. The explanation of all thto to very clear. In the 
Dcciistomed volume of air received at each inspiration, there to a leaa 
quantity of oxygen in proportion as the altitude gained to higlier. 
flrcB can scarce bo mode to bum on such mounlun top«; the dr to 
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too thin mud rnro to support them; ftnd eo them combintions « 
Iju oD at a uieasurwl rate ul the interior of die bt>dy, ore gfeall^ 
daced iu iuteiisiCj. &nil leave a tense of penetrating culd. Bach J« 
neja, moreover, illastrate how oompletely the aLlioo of the musoolar 
sjstom, sod olao of the brnln, is dependent on the introdocliait of ur 
ftnd under the 'oi>posi(s condition of things, where men deeceod fit 
diTing-bells, thuugh Burrounded by tlie obUly influencea of the « 
they eipenence no correspouding sensation of cold, b 
breathing a comproased nnd coudenBod atmosphere. — (Dr. Dw 

0T1. Hvirtke nacqul deundi f*F Heit are nut. — The steady i 
lensnce of bodily beat beinn; a matter of priino phjmoli^cal neM«it^, 
we Snd it distinctly and largely provided tor by a class of foods pre- 
pared in plantii and. devoted to this purpose Much the loi^cet por- 
tion of food coaaumed by herbivorous animals, and generally by man, 
is homed at once in the blood for the production of bent. But tbire 
are varying deniuids upon the eystem at different places and seaaons, 
and the provMon for these is wise and admirable. First, as the cold 
increases, the atmosphere hecomea more dense, the watery rapor is 
reduced to its smallest propcolion, and pure air occnjuea its plac«, 
so that breathing furnishes to the body a considerably higLer per- 
centage of oxygen in winl«r than in Bummcr, in the c<dder regions of 
the north, than in the warmer vidnity of the equator. On the other 
hand, there is an imiiortaut difl'erence among the hedt-prodndng 
principles of food. They vary widely in calorific power. The fats 
and oils hood the list ; thay consiat almost entirety of the two 
highly comhuaLible elements, carbon and hydrogen, coatiuning from 
77 to 80 per cent, of the former, to 11 or 12 of the latter. Starch 
oocurs next in the series, then the sugara, and lastly the vegetable 
acids and lean meat. Liebio slates their relative valnes, or power 
of keeping the body at the same temperature during eqoal times, u 
fdlows: To prodnoe the same effect as 100 parteof fat, 240 of start'h 
wUl be required, 249 of cane angor, S63 of dry grape sugar and milk 
sugar, and 770 of fresli lean flesh. We sbal! illnstrat« this point mor« 
dearly, when we oome ti> speak of the nutritive voloo of foods (743). 
A pound of fat thus goes as far in heating as 2| lbs. of elArch, or 7^ lbs. 
of muscular flesh. In regions of severe cold, men instinctively resort 
to food rich in fatty matters, as the blubber and train oil, which are 
the staples of polar diet. Bread, which consists of starch and ^uten, 
and which, therefore, as shown by the above illustration, falls far be- 
low oleaginoUB matter in calorifying power, is found to be very insnffi- 
•ient in the arctic regions for the m«ntenance of animal hnk 
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All breads are, liowurer, not alike in tbia respect, for the Hndson'a 
Baj Traders) liave foand, accordiug to Sir Josir Hiciukdbos, Ihat 
Iiidian corn bread, which cootuns about nine per ce it. of oil, is de- 
cidedly tDore sapportiDg than wheaxen bread. Dr. Kask, in the oar- 
fative of bi» last arctic ex pedition, remarks: "Our jpumeys hare 
tau{;tit us the viadom of the EsqnimaDZ appetite, and there are few 
anioQg uH who do not retj«h a slice of raw blublier, or s cbtmk of 
tV'izcu walms beef. The Uver of a walras, eaten with little slices 
of liix fut, of a verity it is a delicious morsel. The natives of Sooth 
Urrenlaud prepare themselvee for a long journey in the cold by a 
course of frozen seal. At Upemavick they do tlie same with the 
norwhnl, which is thought more heat--maldng than the seal. In 
Smith's Sound, where the n*c of raw meats seemed alnost inevitable, 
from the modes of hving of the people, walrus holds the first rank. 
Certainly, its finely condensed tissue, and delicately penueating tat — 
oh I call it nut blubber — is the very beat kind a man con swallow ; it 
benrnie our constant companion whenever we could get it." On the 
ooutrsry, the inhabitants of warmer rcgioaa live largely upon fmita, 
which grow there iu abundance, and in which the earbonaceonsmatler, 
accordiug to Likbiq, blla as low as 13 per eent. The demands of ap- 
pctile seem to-corrotipond closely with the necosdtiee of the system ; 
for while oranges and bread-fruit would be but poor diotetioal stuff 
for on Icelander, the West Indian wonld hardly accept a doien tallow 
condlM as a breakfast luxury; but reverse tliese conditions and both 
are sutiiSud. A knowledge of the oalorifying powers of tlie various 
elcmeola of food, and of the pro|>ortionfl in which they are fonnd, 
GUabluB us to modify our diet according to the varying temperature of 
the seofiuus. 

dT2, KtfiltttaB «f BadUi TSBperatore.— The qnestion naturally arises, 
wliy is it tliat when the eiternal tetiii>«ratnre is 100° and oven higher 
for a considerable time, and the syHlom is constantly generating ad- 
ditional heat, that It does not accumulate, and elevate ondnly the 
bo<lily tcmperaturet How is it constantly kept down in health to 
tlio limit of 88* ? This is effected by the powerful influence of evapo- 
lation from the lungs and skin, already rofnrred to in speaking of the 
way the body loses beat (6G8). The large amonht of water il«ly 
drauk and token in OomblnaUon witb tlie food, is used for this pur- 
p(i6« OS occo'iionire'iDirM. The lungs exhale vapor qnite uniformly, 
but the quantity thrown off tVom the skin varies with the condition 
of tbe atmuBphore. When the air h hot and dry, evaporation is att- 
tiva, and the cooling effect cooseqacntly great«r. During the heat of 
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■oinmer, roncb wat«r eraporatea from tbe skin, and a oorrespondiDgl] 
small proportion bj tlie kidneys; bnt in t!ie eold of vrinter there u 
lew outaneous eihalatiOD, tbe water of tbe body ia not vaporised, but 
obiefly escapes in the liquid form b; kidnc; excretion. As hiunu 
invention bos made the {team-engine be«attfally aQtomatic ud wOf' 
regulating, and as eCowa have been devised whicb a^jnat their own 
rate of combusdon, and thus equalize tbe beat, so wo find the living 
body endowed with a matcblesB power of gelf-adjnstnient in regard to 
ils tcmperatnre, by tlio simplest moans, 

GTS. H»MS Mid a«tUae nplue FMd.— Wc have seen that the neoe*- 
sitj for the active generation of heat within the body is in proportioii 
to the rapidity of its loss. If the conditions favor its escape, men 
most be produced ; if on tbe other hand tbe surroimdiDg temperature 
be high, tbe loss is diminished, and there b less demand for its evo- 
Intiun in the body. We have also described tbe vaiions eipedients 
by which heat ia produced in our dwellings in winter, thns fonning 
an artificial summer climate. Clothing also acts to protect the body 
from loss, and enable it toapresorve and economize the heat it pat- 
eratcs. Hence in winter we infold ourselves in thick non-oon ducting 
apparel. Clothing and hoosebold shelter thos replace sliment ; tbey 
are the equivalents for a certain amount of food. The shelterless and 
thinly clod reqnire largo quantities of food during the cold of winter 
to compensate for the rapid loss Of beat. They perish with the same 
supply that would bo quite sufficient for soch as are adequately dotbcd 
and nell-honsod. " It is comparatively easy to be temperate in warm 
climates, or to bear banger for a long time under tbe eqnator; but 
cold and hunger united very soon produce exhanstion. A starving 
man is soon frozen to death." 

674. TlBM af Lift wkcM CM li HNt fktd.— The potent influence of 
tumj)erature upon life must, of conrse, bo most strikingly manifi.>sted 
where tliere is least capability of rcsistaooe — in infancy and old age. 
During the first months of infant life the ertemal temperatore has a 
very marked influence. It was found in Brussels that the average 
infant mortality of the three snmmer months being 80, that of January 
is nearly HO, and the average of February and March 125, As the 
constitution attains vigor of development, tbe influence of seasons 
ti;>on mortality becomes less apparent, so that at the age of from 2S 
to 80 years, the difierence between the summer and winter mortality 
le very slight. Yet this diffurenee rcappeora at a later period in b 
ninrked degree. As age advance^i, tbe power of producing beat de- 
iliuus, old people draw near the fire and comphtin thot 'their blood is 
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ehill.' The Brossola etatistics show that the mortality uetneen 60 
Bu<l do 19 ucarlf ns great as in early iii&noy-, and Ugrodoall? becomes 
more atrikiug uiilil at iLe age of 90 and upwards the deaths Id Jan- 
uary are 158 for every 74 in July. It bas been observed io bospitala 
for tbo aged, that when the temperatnre of the rooms they occopj in 
winter ainks two or three degrees below the uaual point, by this small 
amount of cooling the death of the oldest and weakest, males as well 
as retnales, is brought about. They arc found lying tranquilly in bed 
withont the slightest syuiptotDS of disease, or the usual recogniatble 
causes u( death. 

6T0. Diet ud th» dallf thiMftt tl Teoiptratire. — The beat of inani* 
male ubjijuts, as stones, trees, itc., rises and falls with Ibe daily varia- 
tions of temperature. Tbo living body would do the same tbing if it 
did not produce lis own heat independently. If we disturb the oalo- 
rifyiiig proce^ tbe body becomes ioiinediatoly aabjected to the lUDta- 
tions of external heat. In starving animals, this temperature risea 
and fdls with the daily ri»e and nightlj fall of the thermometer, and 
tbis response of the living system to external Buctuations of heat ii 
more and more prompt aitd dedded as tbo beat-producing fuaction ia 
mure and more doproaeod. As tbe system is nnoqnally acted npon by 
tlie daily assaults of cold, it becomes necessary to make provision 
against the periods of Beveroat presaure. In tbe ever admirable 
arrangements of Providenoe, the diurnal time of lowest temperature 
IB made to coincide with the time of darkness, when animals resort to 
tbvir various shelters to rest and recruit, and are there most perfectly 
protected from cold. Dr. Dku-kb has suggested also that the diet of 
civillxed man ia instinctively regulated with reference to the dMly 
vurlatioos of temperature. Ho says : "■ In human oommunitiea there (a 
some reason beyond mere custom which has led to the mode of ^s- 
(ributiiig the daily meals. A savage may dispatoh his glntinons repast 
and then starve for want of food ; but tbe more dulicate constitntion 
of Ibe civilized man demands a perfect adjnstment of tbe supply to 
the wants of the system, and that not only as respects the Hnd, but 
al^to tbe time. It seems to be agaiust our instinct to oommeoce the 
morning with a heavy meal. We h-aak fatt, as it is ngnificBnIly 
tcruied, but we do no more ; postponing tbe taking of the chief supply 
until ttinoer, at the middle ur after part of tbe day. I think tbora 
are many raaiK^s for supposing, when we recall tbe time that must 
elapse between the taking of food and tlie oompletion of respiratory 
digestion, tliat tliis distribution of meals is not so mucb a matter ttf 
I M EniCinotiro preparation for the lyetematio riae and M 
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raking STO lbs. ton foot higb, or 8,700 Ibe. oob foot high in a minata 
for eight hoar* in tlio ila;. 

GTT. Hihm IcstrojiN la pndadig Fares. — ^The expenditure of forco 
in labor, if Dot aocorapaoied by a sufficiency of food, rapidly wears 
down tho system, — there is a loea of matter proportioned to the 
Amount of exertion, and whi<ih can only be renewed by a correspond- 
ing quantity of nooriBhoieut The parts brought into action during 
csercise are of course those poasesaing tenacity, firmoesi^ and strength ; 
that is, the tissnea and organized Btriictiires. The nnoiganized ports, 
neb w nater and fiit, wbicb are without teitnra, have no vitjtl pro- 
partjea, and oannot change their place or rclatire position by any iu- 
< twrent capability. It is the bodily tissues that are called into acLiou, 
and these undergo decomposition or raetamorphosis in the exact ratio 
. <tf their active exorcise. We have stated that the motions within the 
•jstetn are numerous and constout. If we look on a man oxtemally, 
a never wholly at rest; even in siovp there is scarcely an organ 
. Thich is not in movement or tlie seat of incessant motion ■ yet tbe 
> dostruotion of porta ia correspondingly uctivo. It may vary jierhaps 
n different constitutions, in difforent |>arta of the system, and under 
various oircumslaaoes, but it goes on at a rate of which we are hardly 
. floosoious. OiiosBAT sBoertoined tbe waste in various animals to be on 
STeragoof l-SltUport of their total weight didly; and Sooiudt duter- 
• mined it to bo, In tbe case of the human being, l-23d of the weight, 
Profumor Jou.tsToH says : " An animal when fasting will lose from a 
Jborteenth to a Iwoll'tli of its whole w el i;ht in twenty-four huuni. 
Tbe waste proceeds so rapidly that the whole body is now holiuved 
to be renewed in on overage period of not tnort than thirty dayt. 

U IkatlHaUsa sf tks Nltr«g«asu Prtislrks.— The bonis of animal 

I is nitrogen. The muscular masses are identical in compoution 

\ irilh the uitroganoua principles uf food, albumen, casein, gluten. 

Those substances have, by digestiuit, become soluble; Ihnt ia, tluiy 

bave bU ■ssuined the form of albumen, and thus outer tho blood. In 

Is liqnid, whose prime function is to nourish tho system, albumen ia 

■hrnys prwent in considerable quantity. When the fibrin and rvd- 

I .foloriug mAtt«r (cbt) is removed from blood, the watery semm or 

< .fhsoia remains, cootaioing albumen, which coagulates lilte white of 

'<R l>T '■^"^ Albumen is the nniversal starting point of animal nutri- 

Ul; it la the hqnid bans of tinue and bodily development through- 

t the eDtir« animal kingdom. We see this strikingly illustrated by 

what takes place in the lord's egg during incubation. Undi'r tho in- 

le of warmth, and bj the aotion of oi^gen, which enters through 
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the porotL'! Bbell, oiider the inflaeace tJierefore of the aam* CMiditioni 
whioh accumpuD? respirutiun, all tbe tissaes, membranea and booes, 
(by the aid of lime from Ibe sliell,) are developed. Th« fooadatioti 
material from which thej are all derived is albomen, tud it is tbe 
(nme with the growth and coostaDt reprodaetion of oar own bodiM 
dnring life. The course of tranafontiatioii b; which albomen is con- 
verted into tho various bodily tisanes, has not yet been certainly 
traced. Bat it is now anirersollj agreed that it is tbe nitrogenous 
principles of food, — those of low eombustibilitj, which are employed 
fnr the nntrition of animal strnctareB — the reparation of tisaue-waste. 
Those HobstanceB Airnish the iostrnmenta of movement, and minieter 
directly to the prodnction of mechanical fore*. Their dcragn is two- 
fold, tb form and maiotain the bodily parts in strength and int^prily, 
and to be finally destroyed for the development of power. 

0T9. ActiM «r OiTS" >P«B the TlaiMs. — Oxygen plays tho same im- 
portant part in tissue destmotion as in the umple development of beat 
by combuataon of respiratory food. It is the agent by which Ihu 
moving parta are decomposed cmd diBinl«grBted. The musclea are 
paralyzed if the supply of arterial blood coniaiuiDg the oxygen which 
is lo ohange them, and the nntritive matter which is to renew them, 
be cnt off. On the other hand, if there is rapid mnscnlar exercise 
and oanse<iDont waste, the circnlation is increaseil sod the t>reathing 
quickened, bf which the snpply of oxygen ia aagmeoted. The 
oban^es of tbe Ussoee in aetion are, moreover, retrogresdve, and 
downwards to umpler nnd simpler conditions. The prodncts of 
metnmorphosis are oxidized, and then made solable in tjie blood by 
which they are promptly conveyed away, and thrown out of the body 
by tho tiqnid excretion. It is thus that oxygen, by slow oorroeioD and 
burning of tbe conatitnonts of tho muscles, gives rise to meohaiucal 
force. Bat oxidation is invariably a cause of heat; docompoaition of 
the tissues, therefore, must develop heat at the same time with me- 
chnuicol effect. Indeed, violent mnacnlor exercise is oiten resortfid to 
in wiotcr as n source of bodily warmth, by increasing the respirationy 
and muscnlar waste. In this sabordinate way, the nitrogeDOoa ali- 
ments become heat-producers. It is not to bo suppoeod that oxygen 
soixea upon all the atoms of tissue indiscriminately, or npon those 
whioh it flods next before it. There is a wondei'fbl selective power, 
some particles are taken and others left. Those only are seized npon 
wliich in some unknown way, perhaps under the rcguUtii^ influence 
of tho nprvona system, are made renUy for change. 

680. Eclallu kttwMi Waste aad San>l]r— If »n organ or pari be the 



Mat of destrocttve and reparative chui^e^ and ito weight ri 
Tariable, we know that an exact balance \a atrnck botween tlieae two 
kinds of transformation. Gat the proce«cs of dentruotion and rcno- 
ration in the body are not nec^aaarit; eqaal, ao that evety atom tt 
perishes one of the stractiire is promptlj replaced hy another. 
those caaea where the fTstcin neither gains nor losca weight, the an- 
lAgoniat forces mnat of course precisely compensate each other. Ye^ " 
erea here, the ^oora] eqnilibriura ia the result of oonstont oscillations 
The involnntary mosclea, which play oontinnallj, as those of t!ie heart, 
and the ranscles engaged in respiration, have an intermittio); aotion. 
The short or momeotary period of activity ir followed by a corre- 
sponding interval of rest. If ths flmt condition involvea destmotion, 
the second allowa of nnlriUon. That portion of the meohanlsm which 
is independent of rolnntarj control, la thus self-austaining. Still, in 
the caae of these parla, the eqnipoiae between waste and supply may bg I 
lost, oa in bodily growth when notrition exceeds decompoeilion, or in 
deficiency of nutriment, when deatraction proceeds at the expense of 
tbo tissae, which losea weight bster than the food renewa it. Aa re- 
garde the waste and reaoTBtlon attending rolnntary moTenient, tliere 
is the earoe periodicity. Deetrnction gains upon nutrition dnring the 
exercise of the day, and wliat waa lust is regained by nutrition during 
rest at night. In nleep, nntriiion isat ita height while waste fuUs tuita 
minimum. As bodily exertion costs tissue desCmctiou, whieb can only 
be mode good agMn )iyalbnminoiisBubst'anDea,it fuUnw* thai these will 
be demanded for food, In proportion to the auoont of effort expended. 
If such food bo not adequately aiipplio<l, or if l>om any caoae the botly 
be inmpable of digesting or assimilating it, the apparatus of force begine 
atoneelogive way, tlie acting liaaues shrink and fail, for human effort ia 
eomiKtrMtf flcah-conanming. If^ on the other hand, the eystem is main- 
tained at rest, that ia, If force ts not exerted, the nntrinient ia nut used 
or expended, hut ia laid up in the body, and servce to increase tbc mass. 
681. BaMealag lai rWardlig H—a rtiagM. — Inijiwled suUitancca hare 
a twofold relation to waste or nictamorphwia uf the tlsaaea. Some, 
•8 we have aeon, booome portions of the aRJiuol solids, and then on- 
dorgo tranaformation. Othera have the power of modifying or oon- 
trulling these changes, wltbont in the same way participating in them. 
Borne of tliew iiur*am metunorpboais, and othera check it. Common 
aalt, Rir example,- and an eioeas of water, act as \tul4n^i of Umqc 
change, while alcohol and tea aoC a* arrttlen of metamorpbosifi. If 
we consume those aubatanota which augtnent the waste, it ia sold wg 
require a fbUer diet to oompeiMaUe for tJui extra loao, or the body de- 
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dines in weight with more rspidity than otherwise. If we euiplojr the 
arresters of metumorphosis, we ore snpi)OBed to have tissne, and can 
maintalD our osual strcngtJ) and weight on a more slender diet. That 
oertoia substances produce these effects, maj be regarded as establish- 
ed, but it cannot be ftdmitted that they are proper aliments. We re- 
cognize tronafonnation of the living parts, as the highest and final 
physiological fact, the necessarj condition of bnmui activitj. Dr. 
CnAKGKBB romarks — " Hetaiporphosia ia l{fe, or an inseparable part 
of life." Uodonbt«dly the rates of bodily change are liable to certain 
variations, within limits of health ; bnt the whole import of the vital 
economy, leads na to connect nocelerated and retarded changes willi 
varistiona in the eiercise of force, by a fixed organic ordinance. With 
high activity, a rapid change, sod with rest, a minimum of lose is evi-* 
dently nature's purpose, and her law. Bubstanoea introduced into tlw 
sjBlem, which act npon the tissues, as it were from without, and in- 
terfere with this h&damciital relation between rate of exertion and 
rate of change, can be regarded in no other light than as disturbers of 
phjsiolopoal harmony. Still, we are to be cautious about theoretically 
pr^ndging any substance ;. whether it bo bene6cial or injnritma is as- 
certainable only by careful observation and experience of its effeotiL 

8. MisD, Boot, asd Alimbkt. 

032. mad brenght loto ralalion nltb Hatter. — In hia ultimate d 
we contemplate man a^ un imtnortal spirit, but in the Divine ni 
tnent, tbnt.spirit is to be educated and prepared in 
its onward career. Spirit or mind partakes in nothing of the attri- 
butes of matter, but it carrespondn closely to our conception oi /ort*. 
The passions ore regarded as the mind's moUrt, or motive powers. 
The directive or governing element we call will, or will-power. We 
speak constantly of iutellcctnol force, and mental energy, and regard 
hhe mind as an asseniblage of faculties or powers capable of producing 
effeoio. Indeed, as we consider the Mind or Will of God to be the all- 
con trolling activity of the nnivcrae, so the mind of man, created in Lis 
Maker's image, is perpetually demonstrating an over-mastering coo- 
bol of Uio elements and agencies of nature. As mind is tbna desigited- 
to be developed by action, witli the material world for its theatre, it 
most of course be brought into relation with matter. The brain is the 
consecrated part where this inscmlable union is effected, and the ner- 
voQS system is the imnicdinte mecbunism which establishes a dynauio 
connection between the spiritnal intelligence and the physical creation. 

OSS. Haatal Exottie Mtnjrt Icttmi Ilattar, — Of ibo natiir« of thia 
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oaion, h«w it is accomplJafaed, we know nothing, but some of its ma- 
ditiant arc anderBtood. We are certaia thut the briun aiid nerres 
near and waste hj exercise, and reqnire renewal. Just like all tha 
other tiwQM. Kerroas matter in this respect is no eiceptioa ta the 
gcDomI law of the orgauiani. The external uuiverse ponrs ia its im- 
pulses throngh oil the avtianefl of sense, along the nerve routes to the cen- 
tral seat of conscdonsneaa, the bmn ; while the mind, exerting itMlf 
throngfa that organ, and another aj'stem of nerves, calls the mneolea into 
aetioD, and produces its thoosand-fold cQecU apon external objects. In 
both cases there is deoompoaition and loss of nervo-sabstanoe, and 
there must, therefore, be a nntrition of brain and nerves, as trulj as 
of anjr otht^r part ; aaj, more trulj, for deatroctioD and reuovation 
ar« |»erhaps more active in these parts than in on; others. Arterial 
hlood, with its agent of disorganization (oxygen), and its materials of j 
rcjiiur, ore sent to the brain in a far more copious flood than to anf j 
other equal |)ortiun of the body. Blood-vessels nro also distributed 
most abaadantly around the nerve«i,so as to effect their nutrition in a 
perfect inaniior; while if the Titol stream be checked or arrosted, ths 
nerve loses ita power of condacting imprcsaioas, nnd the brain its 
cnpacitf of being neled npon bj the mind; the interruption of tbs 
blood-stream through this organ producing instantnneona unconscioiu* 
noss. Besides, the nerve-ttasne oonsists of the most changeable mattt- 
riols, To to 60 per cent, water, 10 of albumen, and to 6 of a peculiar 
oily or fatty substance, with variona salts. It Is Interesting to re- 
mark, that ia starvation the parta are diaorgonized and oonsamed in 
the inverse order of their physiological values. First, that wjuch ia 
of lowest service, and con lie best aparei] ; the fatty deposits an . 
wasted away, then the muscular and oellnlar tisaaea, and lastly th« j 
nervous system, wliich remains undisturbed and intact until the dl9> I 
organiaation of other parts is far advaneed. The miad's throne ia tht I 
IsBt part invaded, and the last to he overturned. Wo are struck willt I 
the wisdom of this arr«ngoment, bnt we cannot explain it. 1 

Q>H. Cu w* ■Nfin Brdi ni Iferve waste t— Tlie appropriation of I 
certain specific parta to cerlftia purposce, b the basal ^t of physiolo^ I 
A port may iodced perform several offioea, but they are detemd- ' 
naie nud limited, and the different portions cannot ohangedutiaa; tht 
alomach cannot respire, nor th^uogs digest, the mind cannot act d)> 
rectly npon the mnscnlor system (only through the intermedium of < 

I iiervcfl), nor con the nerves exert mecliauicnl force. Each part, 
therefore, does its appropriate work ; and as it has a special oompod- 
tion, ita metamorphoaia givM rise to peouliw prodootA KoMOlar dt^ J 
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oompotdtjcm mitst bence yield one set of snbstaiicea, and nervti-iTaita 
■DoUier. It h&9 been attempted to identify tbo» prodacts, aad Uju 
get iodioations of tlie amotitit of change in eacb part, aa a meaanre of 
the degree of ita exercise. But the reaolta jet obtained are proboblj 
oolj spproachsB to the trotb. Thus, urea is undoubted!; a resnlt of 
mnaonlar change, and some baTO regarded ita amount in the renal ox- 
oretion as an iBdex to the degree of niascular exercise. Bnt otheis 
af&nn lliat it mny qIm come from onassimilatod food, as well as octim 
mnacle, which c.'t^is a doubt over conclDaioos t^us formed. In ^be 
Bame waj, salts of phosphoric acid have been regarded as the pecoliai 
prodacts of brain and nerve waste, and tlieir amocnt in the kidney 
evacuations, as u measure of the exercise of brab and nerves. From 
the reaearohea of Dr. Bknsb Joites, it appeared that where there is a 
periodical demand upoo the mental powers (bs among clergTmeu, for 
example, in preparation for their Sandaj exercises), there is a oorre- 
aponding rise in tlie quantity of alkaline phosphates voided bj the renal 
organs. Yet bero, too, tliere is nacerlainty, for wo are not sure that 
these phosphatic suits maj not have other eoorces also. 

6B5. ne Mlid>a atticn mars and nhaosls the Bodj. — That all forma of 
mental exertion have a wearing, exhausting efiect upon the body, 
producing hunger, and a re^oiremeat for food, is Weil known. Pnra 
intellectual labor, vigorous exercise of the will, active imagination, 
eastaioed attention, protracted thought, dose reasoning, ' the nobler 
enthuaiaamB, the afflatus of the poet, the ambition of the patriot, ths 
abstraction of the scholar,' — the paseiona and impulaes, hope, Joy, 
anger, love, sospended expectance, sorrow, anxiety, and- ' corroding 
cares,' all tend to prodnce phjaioal exhaustion, either b; increaauig 
the destruction of the tisanes, or preventing the assimilation of nntii- 
menL It is true that the stnnning effect of an emotion, a surge ot 
Joy, or a blast of anger, or profound grie^ may temporarily overpovs 
the aenaation of hunger, that is, prevent its l>eing fdt, but after a time 
the appetite returns wiUi augmented force. In sleep, the meohanim 
ef sense, conscioamesa, volition, and passion, is at rest, and onMndered 
nutrition makes up for the leases of the waking honrv. If the hrain 
be overworked, either by long and harassing anxiety, or by aevea« 
«ud continued study, it may give way ; that is, its nutrition takes place 
ID imperfectly as to produce morb>#and nnsonnd tissue, which fjun 
only be restored to the healthy state by long mental tranqnillitj and 
oessation of effort. 

A86. Tke FkMpkallc caaitltMats af BnUa.— We have spoken of th* 
phosphates as special products of brain and nerve waste. That pha^ 
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ptiornB, in tome state, or combinatian, is a Seodin^ ingredient of uerTOOS 
and cerebral matter, U nuqaestionnblo ; and that it stands ri'latod in 
•omewB7 to tbo fnndamenlal exercise of those parts, will hardly be 
dunbtod. We remember tli&l it is n very remarkable clement, 
■hinlng in the dark (from which it take* its name), and haviiig a moat 
powerful attraction for oxygen, oombining with a large amount of it, 
Mid generating phoapborio acid witb intense heat «nd light. It la 
tlwo capable of existing ia two states; its ordinary aetive condition 
and a passive or inert stal«, in which it seems paralyzed or aalocp, and 
exhibits no affinity for oiygen. The solar rays liavo the power of 
tltrowing it from the active to the poasive form. It Laa been nioin- 
taiueil that in the leaf and by the son, elementary ])hosphortis is aepa- 
ratiNlfrom itacompound»,put in the passive state, roi'ked to sleep (297), 
b slnreMl up in foods, and thas finds ita way into the body, its blood and 
" that finally, in tho eierdse of mental and uer- 
active condition, and nodergoes oxidation, 
producing phosphoric acid. Id L'HzBmBn's analysis of nervous mat- 
ter (quoted by slanilard physiological authorities), it ia staled tliat tlia 
proportion of pboaphorus in infants ia O'SO parts per 1,000, in youtlis' 
I'UO (more tbsn double), in adults 1-80, in aged persons 1-00, and in 
idiota O-Sfi, thus apparently connecting the quantity of tliis substanca 
in the brain with maturity and vigor of mental exercise. From tliis 
^int of view I>r. Uoucsnorr leaps at once to the conclusion, 'no 
phosphorus, DO thought^' Liuua, however, denies point-blnuc thnt 
elementary phosphoms baa ever been found in nervuua matter, llu 
■ays, " DO evidence is known to scienra tending to prove tliat the food 
of man oonttuna phosphorus, at rueh, in a form aiialogons to that in 
which eulphnr occurs in it. No one hsa ever yet detected phosphorus 
In any part of the body, of the brain, or of tlie food, in any other 
fiirm than that of phosphoric acid." As phosphorus and phosphnrio 
KcJd, in their properties, are na wide asunder aa the poles of thouartJi, 
It is highly inoorroct to use tlie terms interchangeably, or (ncoordiiig to 
the statcnient of Likbio) to apply LUo term pAoipAorv in tliis eon- 
nectioD. It may be remarked that Iho plioepboric iMmpound is a con- 
•litnent of the oily mattem of nerve tissue, which are honoe called 
*pbo»phoriRcd fats." 

687. in tUn ^edai Brabi HntitpcnU, — On the strength iS tkii 
phoiiphoric bypotlieais, crude HUggeeUuns have been volnnteered for 
■tndenls and thinkers, to take food abounding in phoaphorns, n* 6ih, 
cgga, milk, oysters, Ac. Such odvioe has no justification in well do- 
tflnnined facta. We ore not oaUwrixed hj fdeooe to preicrilM *dk* [ 
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spodaUj or pectili&rt;r conetrneted to protncte bruin natrition idiI pn- 
tract mental eicrcise. But while it woald eeeat as if catb had bi 
taken to secure tlie^m liigb results in the nmversal ronstitntion of food, 
■till it is cerluiDly in aooordance nitb analog;, that specific alimeuU 
dioold be odai'ted, or at all erenta bat adapt«d, to produce cer 
kinds of cflbct in tbe svst«m. Special means for special ends make 19 
the anitai7 sclieme or the living econoro;. The waste prodni:ed I9 
mental exertion m repaired onljr b; food, bnt to My l>j all food al ~ 
transcends 1)10 nutrant of science. Professor Libbis remarks, " It is 
certain that tlireo nieo, one of wliom bus had a fiill meal of beef sad 
bread, tbe second cheese or salt fifb, and the third potatoes, regard a 
d^ffieultf tehichpretenU ittelf from entjrel; difierent points of view, 
The efi^t of (he different articles of food en tbe brain and nerroos 
^stem is different, according to certain constituents peonliar Ut Mch 
of these fbnng of food. A bear kept in the anatomical deportracnt of 
this university, exhibited a very gentle character as long as he wwfed 
exclnsirelj on bread. A few days' feeding with flesh rendered liiia 
savage, prone to bite, and even dangerous to his keeper. The canii- 
TOra are, in general, stronger, bolder, and more pugnacious than tba 
herbivorons unim.ils on wliieli tbey prey ; in like manner those nfltieni 
which live oil vffretable food differ in disposition from those wluob 
live chiefly on flesb. The nneqnal efibcts of diflbrent kinds ot tooi, 
with regard to tbe bodily and mental Amotions of man, and tbe de- 
pendence of these on physiological cansea, are indisputable; but aiytt 
tbe attempt has bordlj been made to ezplun these differenoes aooerd- 
ing to the mles of scientific research." * 

688. DM f r BralB>mrken.— Yet the diet of the liteivy, of artiat% 
and those who devote tlumselvea to intellectnal labor, is by so mMoa 
unimportant, and should be oarefiilly conformed to their pecnUar d^ 
cumstaDces. They edionld avoid the mistake of enpposing that^ fa IIM7 
do not work physieally, it is no matter how sli^t their die^ and tfaa 
perhaps still more freqnent error, on the other hand, of exoeaoiTe eat- 
ing, the fruitjnl oanse of dyspepsia, and nomeroos ailmenla of the led- 
entary. The beat condition of mind oorreeponds widi th« mart 
healthy and vigorous state of body. The blood- prepared by the di> 
gestive and pulmonary organs, and taking as it were ita quality aad 
temper from the general state of the system, nonrishes the br&In and 
influences the mind. That diet and re^men are therefore best ftr 
thinkers, which maint^ the body in the most perfect order. Th^y 
should select nutritions and easily digestible food, avoiding the matt 
refractory aliments, legnminons seeds, heavy bread, rick putiy, &o. 
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080. HcB Mck hr Brain Eidtiab. — Although epocific brain nntrt- I 

enta and thonglit-«QBtiiiiiers nre not detennined among fiMJila, jretsob* 
stitD<'«s exerting a powerftil iDfiaencethroagh the brain npontbe mind, 
rvro hut too w«ll known. By a kind of nbiqnitoiu inUinct, men have 
niQMcked natare in qutst of agents which oro capable of inSueuoing 
tlipir inontal and emotive states, and they have fonnd thorn every 
wliere. It la e«tiroated that the peonlior aarootio ream of iTulian 
hftKp {ha»chitk\ is obewod and smoked among fi^m two to three hun- 
dred rnillEons of men. The bettl nut is employed in tiic same nay 
niuoiig a bnndred millions of people; the nso of opium prevnils among 
funr hnndred milliono, «id of tobaooo among dght bnndred million 
of the world's iobnbitanta. TheaeaubataDccsact powerfully, ultliongh 
■nmewhat differently, apon the nervooa (iy«t«m, and thus directly affect 
the state of the mind and feelinga. Wo here touch npon the myste- 
rious world problem ofnorMtum.-bDtita diacussion, thonghof absoib- 
ing interest, would he too exteneiTe for our limits, besides being for- 
eign to the present imiuiry, which ia restricted to the general snlject 
of fooda. The effucta of tea and eoflbe will be noticed when speaking 
of drinks (704). 
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600. Ttaelsli (leiaeBUafFwdfaHBllaltvLlA. — ^Thon vegetable snb 
itoQcen are bnraed, there remains a small portion of incombustible 
tninerul matter. It was formerly thought that this consisted merely 
of ooutaminations from the soil, which happened to be disaolred by 
water that entered the roots, and was therefore present in the vegeta- 
ble by pccidenL We now understand thai aach is far from being tb* 
fiicU The osh-priuoiplce of food ore indispenaablo to animal life. In- 
deed, witbont tbem neither group of the alimeulory anbatauoes whioh 
we have been cotuadering could do its work. It has been found, in 
nnniorotu experiments, made upon tfae lower animals, that DdUier 
gluten, casein, albumen, sugar, oU, nor even a mixture of these, when 
deprived as far as poMble of their mineral Ingredients, are oapablo of 
sastslntng life; the animal tbns fed actually perishes uf sUrvntion. 

691. JW*, Ukalhs, BaRi.— We remember that aeidt are bodieahav* 
Ing the power of tomlng blue test paper rod, and that alhUiet change 
tbc red to bluo. Tliey aim combine together, each losing its peculiar 
properties, and produce sutb. If Uio properties of the acid and alkali 
both diaappear, the salt prodnoed Is tMutroJ^ that ia, neither acid nor 
16* 
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fltaliMi UUieadd be jtTOngtT, or tbera b« sdonMeor tnUkdoH 
of it comlMiiiL^- with the »Uudi, Uie mnpoond « edD add, en «aii 
Mb; or if the alkali be etroc^ait w in exoaa, it oTMpowen tb« add 
aai »D aihUhie salt resnlU. If a nenlntl wit be di»olTed in water, 
Uie liquid will tic n<;itli«ir «cid nor aituline. If aa add salt bedi«- 
•olTcd, the wiiXi:! wiU b« addokme, and prodoce all tli^ eff««i3 o( 
addi^; if an alLalioe mlt, tike liquid will be alkaIiae,prodiiciiig liki- 
line effects. Tbe asb of foods consist- "* potash, soda, lime, magocaa, 
oxide of iron, sulpburio, carbonic ao ipborio adds, nlica and com- 
mon salt. Fruits Hbound in acid sal tt is, poverfol organic adds, 
M oxalic, tartario, and matio acids, itafh and lime ; the acids be- 

ing in excess. Whuo fruits ore bo... le organic odds ate consomed 
or oonverted into carbouic atid, and U,, ilts become carbonate* — neo- 
Inl 0«rbODat«s of lime or alkaline carl utes of potash. Tbe q^iantl- 
ties of salts, alkalii^ and alkaline e contained in many kitchn) 

vegetables are r^urpri^ing. Celer? (d j, contains from 10 to SO per 

oenL, common salad 23 to 24 per cent., and cabbage heads 10 per oenL 
603. The isbea ef the t—i in lalBlIaltd.— When the organic nut- 
ter of food is biinii^d away la tbe sfstem, a reaidne of ashes is left, 
Just as in open tombualion in tbo air. But Ihej are not cast at once 
from the bod; as nseleaa, foreign, or waste matters. They hare tm- 
portant duties to perform as mineral substanoea, after being set ln» 
tiom organized compounds ; and they hence remain dissolved in dw 
blood and Tarions Juices of the sjwtem. Portions of these minaral 
inAtt«rs are constanily withdrawn trotn the oircnlation, some at me 
point and some at others, to contribnte to special local nntritiaa. 
Thus jibospbate of lime is selected to prtMuote the growth of bones, 
while tbe mosoles withdraw the phosphates of magneaia and poUth; 
the oartilages appropriate soda in preference to potash ; siUea is •»- 
looted by the hair, skin, sad nails ; while iron is attraotod to the red 
coloring matter of the blood, and the Uack coloring matter within 
the eye. 

. 098. The tUtt llkdine, ud wk; T— Bnt there remains oonstantlr 
dissolved in the blood and (toimal JoioM, a proportion of adds, al- 
kalies, and salts, which impart to these liquids ^tber add or nlkdine 
properties. The resnlt, however, is not left to acddent. Whetbar 
a liqnid be acid or aUcaline is of essential importance in .rtfer- 
•nee to the offices It has to perform. We have seen that it is 
tbe determining fact of tbe digestive Joicee ; one is always acid, and 
the other alkaline, and their pecoliar powers depend npon th«M 
properties. Bo with the blood. It contains potash, soda, lime^ mag 
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iteria, oxide of iron, pho^phorio acid, and oommon salt ; yet tliese are 
■0 projMirtioDed that loda 19 in excess, and tieooe the blood of all animola 
b invariable dkaUno. An alkaline condition is indispeiiBnblo to the 
action of this fluid. LiiBia remarks, " The firee alkali givca to the 
blood a number of very remarliable properties. B7 ita mt^sna the 
obief coDstituButa of tlie blood an kept in tbeir fluid ststo, the ex- 
treme f&cililf witb which the blood moves tbrongh the minutest ves- 
bcIb, is due to the small degree of permeability of the wulla of th^se 
Tessels for the alkaline fluid. The free alkali acts as a reliance to many 
causes, vhlch, in the absence of the alkali, wonld ooagidate the albn- 
men. The more alk«li the blood contains, the higher is the tempera- 
ture at which its albumen coagnlatos ; and witb a certain anionnt of 
alkali, the blood is no longer ooagulalcd by beat at all. On the al- 
kali depends a remarkable property of the blood, that of dissolving 
the oxides of iron, wbloh are tegredients of its coloring matter, as 
well as other metallic oxides to as to form perfeotly transparent solu- 
tioni." Alkali in the blopd also promotes the oxidation of its consti- 
tuents. A nnnibor of orgonio oomponnds aoqnire bj cuntact witb, or 
Jn presence o^ a free alkali, the power of combining with oxygen 
(burning), wlucb a]f<ne they do not at all possess at the vrdinary 
temperature of tbo air, or at that of the body.— {CireTRatti..) Tho 
alkalici* of the blood exert a precisely similar action, inereasing Iba 
eombwiUbilit]' of the respiratory foods. 

091. FMah ul Ki Jilct*, AM. — But while alkali is ncecssnry to 
maintain the perfect fluidity and combustire rolaliuna of Uie blood, 
the alkaline state seems nnfavorable to HUtrilitm, In tbu n&h of 
tDoscles, there is ui exoeaa of phoApborio acid, and the juice of flesh 
whicb surronnds the mnsoloa ta also acldnlona. The blood nonrlsbcs 
the ileeh-juiee, and that the ranieles, bnl an acid medium is iudis- 
petisuble to the latter change. Taking the whole body together, aeids 
predominate, m that if the blood were mingled with the other Juicw, 
the whole would have an acid character. Tho chief flesh neids ore 
phospborio and lootio, but how they inflneDce nntrition is not nndcr- 
■h>»d. Tho remarkable foot of the exisieneo in all parts of the body 
of an alkaline liqnid, the blood, and an add liquid, the Jniro qf flesli, 
■eparated by very thin membranes, and in contact witli mu^^lei and 
serves, eocius to have some relation to t|)e foot now established, of tlie 
•zistenoe of electric currents in the body. 

(too. EMsefBaH li tke SntMb— The properties of commercial oi 

oommon salt, haTe been noticed when speaking of its preservative 

I powers (G90). We uwj now oouslder its oaliou in the system. It if 
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t large and constant ingredient of tiie blood, fomung DCArl^r siitj pet 
cent, of its ash. It eiiets also in other Sniis uf tliu bod;, bnt is cot, 
perhaps, a cupstituont of the solid tissoes, eicopt tho cartilages. lt» 
offices in the t^jistuin are of tho Srst importance. It increases the so- 
lubilitj of nlbumiDOOB luattors. Dissolved in tho liqnids of the ali- 
mentary canal, it carries with it their important principles, pr««erm 
them flntd through the cliyle and blood, then parting from them is 
thej beconio fUcd in " " istoperforni the same ruand 

again. Bj- dccoraposiiio - >f water, common salt jields 

an acid and on alkali, hyC and soda. This separation is 

ia ^ected in the systom, ir' is no other Eourc-e for the bj- 

drocMorio acid ofatomacli The oonBiderabIc qnantity of 

•oda in the bile and panor°""" hich serve for intcstina] diges- 

UoD, aa well as the soda ol glood, are chiefly derired troR. 

common siilt. A portion e tly from the food, bnt by m 

meanB sofacient for the wants or "■ dj. Yet it is highly probobl?, 
that in the econony of the syste same materials are used orer 

and over, tlie acid oT the etomach, as it flows info the intestine, con- 
btning with the soda it flnda there, and reproducing common nit, 
which ts absorbed into the blood, decomposed, and yielded again to 
the digestive orgaos. Wo recoUect that common salt consists of 
chlorine and sodittm ; it is a eiloridt of lediiim. Chloride of putooiim 
ie another noil of nppiiron tly quite BJinilar properties. Yet in thar 
physiological eiFecIs, they are so different, Itat while chloride of 
sodiom eiistf largely in the blood, it is not present in mnscles or jaice 
of flesh, chltiriilo of potassinm being fonnd there. They seem lobar* 
distinct and difTercnt olHco.% and ore not replaceable. Bnt the chlo- 
rine of the cblorido of pola.>tsinni ironies from ooromon salt. It may 
be remarksnl, tliat n- [iliosjiliato of mjda eylsts in tlie blood, phosphat* 
of potash bclouj^ to flnih-juice and musdes. 

696. CwwMB Bait tMtilMd la FMd. — Salt escapes fkmn tli« sjabem 
by the kidneys, intestines, mnons, perspiration, and tears. To re- 
place this constant loss, and m^tain the required quantity in flia 
body, there must be a proper snpply. It is nniTersally '^<ffiiiijl h 
nature^ so that we obtain it both in the solid food we consrone aod in 
the water we drink, though not always in quantity sufficient for tta 
demands of the system, let the proportion we obtain in food k 
variable, animal diet conbuning more than vegetable; thoagfa tb« 
parts which most abound in this ingredient, — the blood and ckrii- 
lagea — are not commonly naed for food. Of v^etable foods, seeft 
tontain the least amount of commOD salt, roots vary in tb^ qnantt^, 



□TTLDENCE OP BPECUI. BUBSTAMCKS. 



S7S 



tonlp* baring hardly a trace. Tet much depends upon its abuod&nce 
% tha wnl, uid even In tlie atmoeiphere ; the iilr nesr the sea being 
inline from salt rapor. Plants near the aea are ricbar in soda than 
"tboiie growD inland, the latter aboandiog in potash. When we reflcot 
Vpon the importance of the datiea of salt In the organism, and that its 
Seceraarj proportion in tlie blood ia to moch larger than in tlie food, — 
often tenfold greater — and besides, that lis qnantit; ia extremclj vnri- 
able in our alimcnlti, its almost universal nse as a condiment, will not 
■arprise ns. The craving for it ia vcrj general — prohabij insiinctiTa 
-•^biit where it does not exist, we condnde, either that mtSoicnt in 
ftaminhed nntnmllf in the food and drink, or that animals salTer for 
Hie want of it. The quantity annnallj consumed by each individna] 
Ib France, has been estimated at 19J lbs; in England at 33 lbs. 

e»7. EAtU af IM BUI* tmi IM airh SalL— From what boa been 
"Md, we see that a due supply of salt is of the first neceviity; its do- 
leiency in diet can only prove iiyurlous. The most distressing syinp- 
%mB, ending in death, ore stated as the consequence of the protracted 
inc of snltlcK food. The ancient laws of Holland " ordained men to 
\t kept on bread alone, vnmixeil with talt, as the severest punish* 
^Dent that conid be intlictcd npon them in their moist climnt«; the 
MB^t was horrible; — these wretched criminab are said to have been 
Litired by worms eni>«ndered In their own stomachs." Taken into 
systein in large quantity (a table spoonfnl), it «icilea vomiting; 
iSrbeii tlirown into tJie large intestines, it purges. A too free use of 
'fait engenders thirst ; in moderate quantities, it increases the appetite 
aids iligcation. A long coarse of diet on provisions oichiMvely 
^dt-preserved, prodncM the diseane called srvrry. This condition of 
tody Is believed by some to be dne to n deficiency of potash com 
^Otinds in the system, as in tlie act of salting, varioas valuable ati 
"Bienta are abatrnctcd (n98). , Potatoes, notl vegetables rich in potash 
are uccllent an (umrfruttw— correctives of scnrvy. Freah flesh yieldr 
potash to the system unoqnally ; fur in that of tbo ox, there is three 
times, in that of the fowl, foor times, and in that of the pike, live lime* 
<>ai mnob potash ■• toda. Expcrimonta reUling ta the influence of coin- 
^JBon salt npoD aninials, have given eornawhat discordant rcsntts. In 
jVMue case*, it Improved their appearance and condition dcoidedly ; 
jwhlle in othcf*, no snch result followed. Tet the amonnt supplieil 
"Vatarally in tlie food, in tlie several instanoea, was not deterniiocd. 
Bait is Boppoaed to be In sumo way closely allied to the niilritive 
"^■ngca, and wine think it increases lli« metamorphosis of the 
body : so that a free n*e of it woold only be oonalatent with a liberal 
diet 
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6M. UrbMita af B«<U ud FfUBh. — Tbe exclasive emplojmeot «f ~ 

tlieM BnbittaDce? Id eitemportaing light bread (500), mokes a refereacs 
to their ii)iyt{i»logical action necessatj. Carboiiat« of potash in iU 
omdeahape, appears aBpeartath; in its mo re purified form it iataltratjo. 
Grade soda is known as eal-eotU or sodo-saleratas ; refined and olcared 
(tf its chief UQ;>DritioB, it forms carbonate aod bicarbonate of soda. 
All theeo coiapounds have tbe oommoD alkaline or barning properly, 
which bielongs to free potaah and soda; but it is lovered or weakened 
07 the carliouic acid united with them. Tbe potash componndi are 
the atrobgcst, those of eodn being of tbi lame nature bnt weaker. Yet 
the B;st^>ui, as we have jnst seen, reci nizes easential differences be- 
tween them; one pertains to tbe bloud and the other to the flesh. 
AecordiDg to the theory of their general use for raising bread, they 
ongbt to be neutralized b; an acid, nmriatio, tartario, acetic, or lactic^ 
thns losing llieir peculiar properties and becoming salta. These 

■ changes ilo luke place to a certain exteiit, and the saline eompounds 
formed, are mnch leas powerM and noxious than the nuneutraHzed 
alkalies; their cftects ore moderately hutative. Yet, in tbe common 
nae of these eubtitances, as we have stated, tbe alkali is not all ex- 

. tingnisbed; much of it enters the system in its active form. Pure, 

. strong potash, is a powerful corrosive poison ; disorganizing the 
etomaoh, and dissolving its way throngh ita ooate, qoioker, perh^M,' 
than any other poisonoos agent. When the alkaliee are taken in snail 
qnantities, as where there hi an excess in bread, they diatnrb hetlll^ 
digesdoD in the stomach, by nentralizing its neoessarj acids (MS). 
They are sometimes found agreeable ss palliatives, where there is 
nndue acidity of tbe stomach ; and, on the other hand, thej m^ be 
of service i£ the digestion and absorption of fatty sobetanoea. It la 
alleged that th^ oontinoed use tends to reduce the proportioiL ottho 

* fibrin in the blood. Oases are atated, where families have been pmaoned 
bj the excessive employment of saleratns. 

B.— I-Knld AlLMeatfc 

699. PliTrietagtnIbiip«tBiM«f Water.— Water is the moat abundant 
compound in tbe body, constitnting 80 per cenL of tbe blood, and 16 
per cent, of the whole system, — in importanoe to life.it raaka nest 
to oxygen of respiration. An adult man takes into hia ayatem thi«»- 
qnarters of a ton of it in a year. It sappliea some ot the fiist eondi- 
tions of nntrition, and is, therefore, entitled to head tiie list of aUmente 
(806). It u the simple and universal beverage furnished by natnie, t<a 
all living beings, and exists in greater or leas pnq>ortion, aa we hm 
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•eea, in all eoliil food. Vegetables and meats are, at least, three- 
foartbe water ; while bread a about 4S per ouot. or nearl)' one halt 
AtlioTigU there is a little waler even in the drjest food, yet the demtud 
fur it is so great, and ita connunption so rapid, that our mixed ali- 
nieota do not foruisfa sufflnient, while the most nutritions, are the moit 
provocative of thirat. Henoo, we daily drink large qaantities of it in 
tlie frue or liquid condilion. 

TOO. IUtw»f«ldsUtcIatkBko<r< — Water eiista in the bod;, in the 
flurtuating, circnlatin^, liquid condition ; luid also fixed ns a solid in thw 
tiianea. lu the liquid utato, it aabserves the same great porpoae "a 
in tho world of commerce, it is an agent of traosportation. Its pv- 
liclos glide so freely among each other, as easily to bo put in motion, 
whii-li mnkes it a perfect medium of circnUtion, and trausportatiou of 
stoma. It is the largest oonstitnent of the flesh; parts, serving to 
give them fiUness, softness, and pliunc;. Water is a vital and euen- 
tial portion of the animal stmctare, but hardly an organized conslitn- 
enL It is intimately absorbed and held in a peculiar mecbouicol 
oombioatiDU, wliich j^rmlts of separation by pressure. "The milk- 
uhlt« color of carUIfige, tho transparetlo; of theoomea, the flexibility 
and elasticity of mnscular fibre, and the silky lostre of tendonsi all 
di-'poud ou a fixed jiroportion of wat«r in each case." 

701. Waler csBcratel ta the lilMsl fi^itcB. — Water in large qmuititiua 
is as nece«snry to plonla as to animals ; but it serves an iinjKirtAnt pur- 
pose in the vegetable world, which it does not, or but to a small do- 
groo, in the animal kingdom. Plants decompose it, and iise its ele- 
ments to form their peculiar compounds. Tho animal possonses this 
power in bat a limited way, if at all ; on the cootrary, it is one of its 
liiading offices to oombine the elements which the [klaut sepuitled, 
fuul lliOa produee wotor. Uydrogon and oxygen comblue continually 
iu the cumbustion of food, so that in reality, a considerably larger 
quiuitity of water is exoreted from the system, than waa introduced 
iiil«i it in that form. 

702. UlMoee vf Water iMa NgtiUMk— We have referred to the 
remarkable solvent powers of water (867). If we coold luuk into tho 
living organiam, wo shoold see that its whole sclieme is but an illus- 
tration of it. Blood, Juioe of fleeb, bile, gastric and panore«tia fluid, 
saliva, mucua, tean^ jtorspiration, and all other peeoltar liqoids of the 
body, are simply water, containing various ■ubetanoeB in solntiot). In- 
deed, the final resull of the whole digestive prooem is ta lit^uefy the 
alimcnla, or dissolve them in water. The eflect of taking liquids is of 
course to dilute the bodily fluids, just in proportion to the amount 
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taken. The first effect will be a dilution of th<i gastric jiuM ut Ot J 
slomacl^ but tlto water ia rapidly abfiorbvd into tJie blood, wtddii 
tliD9 tnade thinner. It has bc«n taught tliat the effect ot swailaanf 
much liquid during meals ia to lower [he digestive power b; dtlolaf ' 
and wenkeDing the gastric juice. This is, however, denied bj ia^ 
autliurity. We know that escessiTe eating ia naually acootnponicd hj 
a copious use of liquids, so that it is easj to commit tbo mistake i' 
ohargiog the evjJs of ovet-eatingto the account of OTer-jJrinkiiig. la 
Buch cases abstiueDoe from drioka maj be coinoended as a iiu«ib 
of enforciug moderate eating. Dr. Chaxbsbb, of London, tmtrti 
that, " A moderate meid is certainly easier digested wben diloeou 
are taken with it." Again he remarks, " Aqueons fluids in large qtiiD* 
titioa during meals, burden tlie atiHnadi with an extra balk of matter, 
and, therefore, often cause pain and discomfort, but that thty retird 
digestion I do not beheve. Indeed, among the sufferers from gastric 
derangcmenta of all kinds, cases frequently occnr of those who cannot 
digest at all without a mnch more fluid diet than ia iisoa] among heal- 
thy poraonH." 

703. Water USmbmi thaagc af Tlsrat. — Beyond digestion is meta 
morphosia of structure, and this ia influenced by the amount of watei 
drank, Hecent carcfvd experiments by IDr. Bookxb, performed oiKia 
himself show that the use of any quantity of water aboTe the acloal 
demand of thirst, and the essential wants of the system, increase tb« 
tranaformationa of tlio solid parts of the body. He first awertuiied 
what qunntity of food and drink was just sufficient to satisfy hia^ipe- 
Ule and cover the losses of the system. He then foond that by con- 
tinuing the same quantity of food, and increasing the proportiun ol 
water, the weight of the body constantly diminished. The euxst 
of water ini^reasod the waste, so tliat the same food would no lougui 
restore it — the balance inclined on the destmctive ade^ Keither ilu 
pulse nor respiration were affected, but there was more languor aft«i 
eierciae, while the sensation of hmiger kept pace with the increiceJ 
metamorphosia of matter. 

704. T«t aad Ctflbc. — These are taken in the form of infiimoas, tlu 
composition and preparation of which ha<re been described (SSI). 
They axe allied to fooda by whatever nutritive oonstitnents they hap- 
pen to have, which are inconsiderable, and they are distinctly aepan- 
tvd from them by poesesaing certain additional (jualltiea whiolt do not 
pertain to nutriment, Tlie ingredients to which tea and coffee owe 
their pecoliar actioii are thein sJid cafem, tannic acid and volatile « 
empyreumatio oil. 
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TOO. EA«U of Tm. — Though tea is bo nnivorsally emplojod indie^ 
yet its effects upou tlio constitatioD ore by so means precisely aacer- 
ttutrnd. Its taaui(^ Boid give! sn astringent taste, and a consttpatiog lo- 
iluouce in the intestines. It also acts as a dinretic. Tbeln and vola- 
tile oil or tea are its moat actire ingredieots, producing, p^rbaps 
Jointly, its oharncteriatie effects upon the nervous system. It is 
aoknuwledged that tea is a bnin excitant, that it inflaencei the iniud, 
and prodaoes exhOaration and nakeftalneaa. How it effects the men- 
tal fuoultles, observers have been nnable to decide, judging by their 
discrepant statements. If the qnantity of tliein contained in an uniioe 
of good ten (B or 10 grains), be taken, unplensant effects oome on, ttio 
indse becomes more frequent, the heart beats stronger, and tliere is 
trembling of the body. At the same time the iinaginatJOQ h excited, 
the thonghts wander, visions begin to ho seen, and a peculiar st«t« of 
Intoxication snperrenes; all thew symptoms are followed by, and paas 
off in, B de«p sleep. Br. Bockkb fans made several oarefol sets of ei- 
^rimenis npon his own person to determine the physiological effects 
f 'Vt tea. He took exact acconnt of the tyiantity of aliment ingested, of 
Hie Bubxtances excreted, of his own weight, and the general bodily 
rMorationa. His investigations lead to the conclnnon,^rit, that tea in 
■ tnlinary doses has no effect on the amnnnt of carbonic acid expired, 
« frequency of the reapimlions, or of the pulse; ttand, when tlio 
■Wet is insnCBcient, tea limits tlie low of weight thereby entailed ; 
[liini, when the diet Is sufficient, the body is more likely to gain weight 
a id taken than when not; fourth, tea diminishes the loss of 
inbstance in the shape of nreo, Ivesena the solid eicretioua, and limits 
Ite loss by perspiration. It is thus claimed that this beTcrage is an 
lliveuer of the mind, a souther of the body, and a lessener of the 
Vwte of the cystcm. 

TOe. ■■luirn If CaA* In MseMM— The active ingredlenU of oof- 
la are enfein, wliich is identical in properties with thein of tea, and 
e pwidior empyreiimatio M burnt oil prodnoed in roosting. "By 
e presence of empyrcnmatic sabatanoea, roosted coffee acquires the 
Pynperly uf checking tboee prooessee of solution and decomposition 
^irltich are begun and kept up, by fenneDts, We know that all em- 
" mmatic bodies oppose fermentation and putrefaction, and tliat, for 
Uimpl<>, smoked flesh is less digestible than tbat which is merely 
Mlted. Persons of weak or sensitive organs will perceive, if they at- 
tend to it, that a cnp of strong coffee after dinner, instantly oliooks 
digestion ; it is only when the absorption and removal of it has been 
I. thrtwllrf b felt. For strong digestions, which are not mf- 
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flebotlj dtlicate reagenta lo detect neb tfiect^ «A* «&«■ mt 
MTTM ttoto ibe itame canse to modenlie tbe ms6iitj of tfae atoaM 
exalted be; und a certain limit hy wine and qitoe& Tea ha* mat I 
lame power of checking digestion ; on the ooatruT-, it inereaoea 1 
periataltio luutiuua of the intestines, and ibis U somctiznes sbovn 
prodoctng luiusca, capeciallj when atroog tea is taken bj a fMli 
peraon"— (l.tKiuo.) 

707. LehBas OB ihe lalMiM"' "'^-, — We are indebted alto to A 
feaaor Lkhuan f^r valnabla ei^. ■ to ascertain tbeefieeteel'ci 

fee. He atutes tliat coffee prodi o leading effects opon tlie 

eral ^steiD, which it eccma diffi associate together, ' 

ening Taaouliir aQdoervons actiin d at the aame tinie protncto^ 
the deoomiiosition of the tissues. cafein and oil both contribdri 

to the aamo i>ecurLar stimulant effect >j*which it ronses the exhaat^ 
ed ajstem ajid promotes feelioga o. .^omfort and cheerfulneffi. 
flnda that in retarding the decotnpoaitiona of tlie bod;^, it is the < 
pjrenmatio oil of the boverage that cbiefly ads, the cafein only pnK* 
dooing this rcrtult nhon taken in larger than dfosI proportion. £zc«h 
of thia oil causes " perepiration, dinresis, qnickcDed motion of the 
bowela, and aii(;Tiicrit«d 6<'lLvity of aiiderBtandiag, which may indeed, 
bj an increase of doses end in irregolar ^ains of tbongb^ oongcatioa^ 
restlessness, and incapaott; for sleep; and that meem of etftin pro- 
duces increased action of the heart, rigora, derangement ot the nul 
organs, headache, a peonliar inebriation, and deliriDm." 

70S. Chftalate is allied to tea and oaSba by its DitrogenoaB ptiact- 
ple (theobromin), bnt the effect of this snbatanoe Mema to be toa 
marked than in the other oases, and has not been olearij tnMod. It 
is more nutritive than thoee drinks firom its lai^er propc«tiou of aUxt 
men and Eat, bnt the exoess of tbe latter anbatanoe nukee it Indigeitt-. 
ble and offennve to delicate st<nDaohs. 

709. UeohtHi liVMt.—Th^ ootmnon and aotiva prindple ol qMt> 
ona liqnors is aieohel, obtained from aegar bj fermentation. It Tails 
in proportion in the different sorts ttoia 1 to fiO or SO per oaot 
Liqnora oontain varioDs accompanying anbstanoe^ traoea of albnmo^ 
angar, atada, volatile oils, ethers, bitter prindpleaprodnoed in the pro- 
cess of fermentation or dbtillation, or pnrpoeelj added to snit the da- 
monds of taste. The acale of oommercial valnation of aloohoUoliqnoa 
ia made to depend, not on the peonliar spiritnons principle, wbioh ii 
cheap, bnt on the attending flavoring ingredients, and Tariona sob- 
stances which are s^d to modify the efieot of aloohol apcm the ■?>• 
'em. Tet it is the alcoholic principle foond ia all tlieaa mixtures thtt 
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giv«8 tbcm lite, aiwl a common oharooter, and groups them til togethar 
under tho common title of intoxicating liqnora. It bus been inaisKd 
by some tliat aleoboUa beverngea ore entitled to ranlc as food or natri- 
nicmt, but the claim te inadtniawbte, snd morouver, ia not urged bj tho 
most diacriminatiiig pb^siologists, ctch those who look with bror 
npoD ita general use. 

710. TtcT (•■■•( rtplan Tater !■ Ou SjtUm. — Water is the ap- 
pcHntnl solvent within tbe living body. Aided by acides alkahes. suits, 
it brings tlie vnrioiia solids into the required condition of solution. 
Bni alouhol cannot replace water in this duty. Its solvent powers ore 
not tbe same aa those of water. What alcohol disfiolres, water may 
not, and tbe reverse. Alcohol miiod with water may deprive it of 
its solvent powers in porticnlar cases. This is precisely what is done 
wbcQ aloobolio llquidu are tttSen into tbe etomach. Thoy coagulate, 
and precipitate, tbe pepsin dissolved in tbe watery gaatric juice, and if 
nut quickly absorbed by tho stomach into tbe blood, they woidd In this 
way cffuctually slop digestion. Their acUon while within tbe stomach 
is to disturb and arrest Ibe digestive procesa. 

711. TbtyuHot daarbb TIsem,— Alcohol con tmns no nitrogen; it 
cannot, tberoTorc, be transformed into tiasae, nor take part in meta- 
tiiorpbio changes. Its composition forbids ibo possibility of any such 
elTect, and nobody acqnaiutod with tbe rndiments of pbjaiology 

712. Tbelr rdalln U ialaal Hut.— Tbo assumption that alcohol 
is a respiratory aliiuent Uplaoaible at tbe first blush, but coneedingtho 
uUnuHt dvuiond — that it undergoes combustion in the body — it is en- 
tirely linpoeeiblo to sustain tbe doctrine. True, alcohol gives rise to 
beat in the system, bnt so do other agents, whose claim tu tlie charad* 
Icr of foods would be on their iaco preposteroni. Tbe question 1^ do 
tlieae liquors produce heat in tbe manner of fooda, or in some nnnatu- 
ral and iiyorious way. By reference to Lmio's scale of rwpiranta 
(74S), it will be seen that the strongest q>irib drank are inferior, 
pound fur pound, to starch and sugar, and not nearly faalf so valuable 
as oily Bubstanoea for a heal generator. Yet they act in sucb a rapid, 
flashy way, aa to produce preternatnral excitement and irritation in the 
system. In sustained calorific effect, they are not to be compared with 
the aliments provided by nature, as ii emphatically attested t^ the 
cuDcurroDt experience of Arctic voyagers exposed to the utmost se- 
veritiM of cold. 

713. Dr. BMkar's OtwriatiHs. — This gentleman t«st«d theeffoclaof 
aleoliol In anall qoftatiiiee upon Ids own pcnon, in « ooorM of skilfliUjr 
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oondacted experiments. He foaoH tbat this Bubstance dimiiuBbee bot^ 
the solid aod liquid coDBtitaents of eiore tion b j the kidoefB, thai it im 
not iocreaso perspiration, that it diminishes the qnanlitr of carbunk 
acid exbalud by Ihe lungB, while the quantity of wat«r thrown off b; 
these organs remaioed unchanged, or, if &ny thing, was sliphtlT re- 
duced. The general action, therefore, was that of an arreBter of the 
bodily changes. As carbonic add is hindered frota bclog freely ei 
cret«d, it accLimnlates in the blood in poisonona qimDtiti«s, and titth 
Qoiitribul(» to the effects of iiiioiiiation. 

714. Ii Us aw Pkyslri«slaBi EMOSHltU.— The apologists for the 
general and moderate nse of olcohu'jc beTeroges, cannot agree unoD| 
themselrea upon any philosophy to suit the cose. Dr. Moissaon 
Bays, " Alcohol may be considered a savings-boi of the tissnes. Eb 
who eoU little and diinlis a moderate quantity of spiritt^ reUine u 
much in the blood and tissuea as a person who eats proporCionailj 
more, witboat drinking any beer, wine, or spirits. Clearly, then, it u 
hard to rob the laborer, who in the sweat of his brow eats bnt a slen- 
der meal, of a means by wliioh Ms deficient food is made to Usthiioi 
longer tame." Upon which Dr. Ohaubebs justly remarks, "Thiiis 
going rather too far. When alcohol limits the consumption of tiflM, 
and so the requirements of the system, while at the same time a man 
goes on working, ft is right to inquire, whence comes his newelreoglh I 
It is supplied by something which is not decompoaltion of ti^ae; by 
what, then ! V Dr. Likbio points ont the cunseqaencea of that pecu- 
liar economy by which the laboring man savea his tissue and the food 
neceBBary to repair it by the use of liquors. " Spirits, by their action 
on the nerves, enable the klMrer to make up for deficient power (tioai 
insofficteDt food}, at the expttiM of hu 'body, to CMisnme tcMlay thai 
quantity which ought naturally to have been employed a day lalor. 
He draws, so to speak, a bill on his health which mnst be always rr- 
aewed, because, for want of means, ho cannot take it np; be («it- 
Bumes his capital iustead of hia interest, and the result ia ike irutitO' 
Ills bankruptcy qf ha Sorfy." 

715, SUaalaliRg eOM af the Bercra^.— They prodnoo general stinh 
ulation; the heart'B action is increased, the circnlaljon quickened, the 
secretions augmented, the system glows with imnsual warmth, and 
there is a general heightonifig of tlie functions. Organs, usoall; belov 
par n-om debility, are brongnt up to the normal tone, whtl« tboM 
which ore strong and healthy are raised above it. Thus the Etomacli, 
if feeble, for example, from deficient gastric secretion, may be tt^ei 
to pour out a more copious solvent, whioh promotics digestiuo, orlfil 
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■ be in full health, it may thuB be made to digest more than the bodj 
f reqDireR. The life of the 8}-Etem is exolieil above its slundard, wLieh 

I takes place, not bj coDferring additional vitalitj, bot b; plying the 
nervona aystem with a fiery irritant, which provokes the TJtal fano- 
tions to a higher rate of action. This is the secret of the fatal fiiscina- 
t tioD of alcohol, and the eonrco of its eviL Tlie eioitement it produces 
! Is tmnscicnt, and is followed by a corresponding dopraBslon and drag- 
ging of all tho bodily movcmeats. It enables as to live at an oeeeler- 
ol«d iipeed to-day, but it is only by plnndering to-morrow. By its 
meims we crowd into a short period of intense exhilaration, the feel- 
ings, eniotions, tbougbta, and experiences, wbiob the Author of o<.r 
nature designed should be distribated more equally through the paw- 
ing time. We cannot doubt that God has gradoated the How of these 
life^rurrents, in accordonoe with the profonndest haroionios of being, 
and the highest reanlls.of beneficence. By habitnally resorting to 
this potent Btimolant, man violates the Providential Order of bis con- 
stitution, loeee the volantary regulation and control of his conduct, in- 
augurates the rolgn of appetite and passion, and reapa the penal cou- 
Bvqnonccs in mnltiform suffering, and sorrow, — for nature always 
vindicates herself at last,* 

71(1. KActt tt MUk. — Tliia b the fbod prepared by nature fur the 
cuinplote Donrisiiuient of the bfimt. It is eaally digestible, bnt oon- 
stipaling. There is a dilTerence, however, in different kinds of milk. 
Cow's milk is richer in butter, or oil, than human milk, or assea' milk, 
and for tlda reaaoD often disagreea witli delicate stomachs. By itim- 
rainff, however, eow'a milk is made to approach hamnn milk in quality. 
It still, however, oontuna nearly all the cheese, the sngar of milk, the 
eaita, and some butter. U la therefore scarcely teas natriliout than 
new milk, but IVom ita Iom of butter is less fattening, and has a lower 
imwerof atuftaiuing, tlirongli rMpiration, tho temperature of the body, 
rhysicfans order milk when they are dowrona of aUbrding stimulua 
or exeiluuient. It is ahtu roeomiueuded as a good diet for children, 
(wpooinlly in scrofiiltius complaints. 

T17. Pr«p(i1lM aid cBbcts ef Staps. — The soluble extract of various 
njiirnal and vegetable substances, obtuned by boiling or steeping, forms 

• " WbcD. tijr bJlbl^ tbt ■tlnnluit hu bMftna • sNaulif. u nrnnUat nUntloB Ui- 
blllWjr IbHon, u KDMUna mownhlljr fliatalad bf Ima pradMI lll«vy mBn. Tha 
BUmulul MUH U uolla— (In lUUUUIwl iinw hw* alrMdf Uu lodubUd tu U lUr 
Btltb>>>cU<iirltiutlnL In thUawa Uia TMIm wbUbui to utk Ui Mf<i(<, oHtb 
dADffrflDB dlBHtet of lilt rtanuoh ettppU th* dlfHttv* [vinn; vllfa tfa« Aiezmy of Iht 
rUf*nlTD orftiu. Uie rarnutlon of UiHd md ootrttlM an dMlaib*d; ud villi Ihm dl- 
^■vUoBTtnltfa tlttraaa of UwnihVMBtaaaM tfthasaaH^Md Ik* •UMItltr tf tM 

HaMClM.->^MoLBH[>TT.) 
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■onpa. Thty nre made from a great number of materUIs, sod thdf 
efbot^ of wtiirw, depend upon the sabatanccs thoy contain. The Infn- 
rion of meat, wliioh has been dcBorib«d (471), is easily digettiUe, 
Donrishiiig, and well adapted to restore the eihansted stren^ of Id- 
Talida. The sDbBtance which has played the most importaat part is 
■onpo, is getafin, the glue-principle obt^acd from boaes, tenilont, or- 
Ulages, and mpmbran«a. It ii this clement to sonp, procured by Imj 
boiling of aniinnl sabsUnccs "'■ uses it to coa^lat« and thicken 

(S»lalini*e) in eooling, and 'ys to the oninstract^d, lbs im- 

presaion of ^triMigth and ricnncss. elatin is the principle of miaul 
jelliea — calves' t'uet, blanc-mange, It ia an eiclii»ire animal pro- 

duct, tind never fotmd in plants, — ^-ectin being the vegetable jelly 
principle. Gelatin is a nitrogenona ci impound, bnt not of Ibe prolao 
type. It ia regarded as a product of Out partial deoom position of >l- 
bmninonB bixliog in the syet^m, bnt ia not capable of repladng them 
when token na allmeut. It is questioned, indeed, if gelatin, taken a> 
anoh in food, i^ even capable of noariahing the gelatinous ti^ne«. It 
b digestible in iho stomach along with other nitrogenous matters, tod 
'finallj contrilmtos «lighUy, by its duslrnotion to bodily warmth, tins 
ranking as a rcipirant of low power. Hut even this small dnty is not 
performed wicbont detriment, for while the tme residnnto burn eou- 
pletely away, gelatin loads the blood with its inoombutibU md BOX- 
iona residaea. The French attempted to feed the Innutea of thdr h(*- 
pitala on gelatinona extract of honee ; mnrmora troto, and » oooiaia- 
sion waa appointed, with Maokhdh at ita bead, to inrfiiigiti (ha 
matter ; the oonoloeion of whleb waa, that giving the poor gdatin, «M 
JQBt eqoivaleat to giving them nothing at aU. Thetueof g«latiiiiai 
natritive or invigorating Bnbatanoe may be regarded aa gltta vp. Tht 
utmost claim now pnt forth for it la, that, mixed with other fto^ tt 
mskea it go fiirther; "bnt at theMme timewe moit be oanAdttit 
it ia not used in eioead, as it is apt not onlj to w«ak«n tibo iadividad 
by ita inanffioiency as an article of diet, bnt oanaea Abo dUnfaoi^ 
wliether by acting as a foreign bod;, or by soma qKmtaneoiu deom- 
posiljon. Hence the nnwholeeomeneaa, to healthy atomacha, of didm 
containing a great qnantity of gelatin, anch as mook-torUe •oap,oalni' 
foot Jelly, &a. At the same time, to invalids they often fiiUl T«y 
inportant indications. In the first plaoe they dilute nntiitiona nattv, 
80 as to render it capable of being absorbed ; then again perh^« tb<y 
line the irritable membranes with a slimy coat, and it ia not impoM' 
ble that in lome oaaea they are beneficial beoaoae not nntritioo^ oob- 
ftltnting, in fitot, an agreeable mode of abataining from food." 
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T19. BUNk, u ve Imre teen, coouati of Lard, highly orgnnlzed 
^aiiiA, «nr1o«ed ia a firm envelopo, bo thst in ihe mw state tliej defy 
the action of the digpsti»6 orgnns. Thorongh cooking of starch, to 
break its graiiu, is therefore indtRpen sable. We remember that the 
dJ^'ostion of starch, altered hj culi&arf heat, bcgitu in the month bjr 
int-.'r[iiixtDro with saliva. Its changes in the stomaoh depend npon 
unch previooa intermixttire. This explains whj it is that those tn 
wliuin the action of the salivnrj' glands hos been Impaired (as tobacco 
emokerfi, often), complun that starchir food lays like a weight on the 
storaaeh. Starch prepared In the form of slopa for invalids, as arrow- 
root, *aigo, Ac., !■ apt M be swallowed withont provoking the aalivorj 
flow, which preveuiB ita prompt change ; henoe starchy matter In the 
■olid tona, as bread or potatoe«<, which rc<]aire mnstication, is likely 
to be best digested. Starch is mainly changed in the system to sugar, 
perhaps nome of it 1>ocomes dextrine and lactic acid. 

710. Sagar. — Of the behavior of this snbgtance iu the Bjetem, wo 
know very little positively. A portion of it is absorbed through the 
voins into tho eircnlation, and then bnmed away for the prodootion 
of heat. Bnt it contributes to other objects also. Another put is 
turned into lactic acid, which may asidst stomaoh digestion, and serve 
other imiMrtaiit uses. Physiologists are now agreed that sngar is ca- 
pable of conversion into fiit in tlie body. To effect this change, it is 
only neccMory to rcinova iU oxygen, the remaining hydrogen and car- 
bon fiirntshing the constituents of oil. A deficiency of oiygen in the 
ijnUrm Is a necessary condition of the nccBmolation of fat, as an ex- 
cess of tliis agent would consume the eluments, and tlins prevent their 
deposition. Sogar Is of an add nntnrc, and combines with lime and 
the alkalies. Ther« ia an old opinion, that sugar, when eaten freely, 
attacks the t«etb, corrupting them, and spoiling their color ; and re- 
cent Pronoli eiperimonls are qaoted conflrming this view. Dr. 
Peheixi. declares the opinion totally nnfonnded, saying that no peo- 
ple on earth have finer teeth Uian the negroM of Jamaica, who per- 
haps use sugar most litwrally. " It is probable that this erruueons no- 
tion has been propagated by frognl honsowivcs, in order to deter chil- 
dren ttova indnlging in an eip^nsive luxury. Their fondness for sac* 
eharinesab9lanoesmftyberegard«d«iianaiara1 instinct; slooe nature, 
by placing it in milk, evidently intended it to form port of their nour- 
ishment dnring the flrvt period of their eiistenoe. Instead, therefore, 
of repreeMng this sppvtite fur cngar, it ought rather to be gratified in 
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TSO. C*K, in Mtnpueition, reeembleA eagor and starch, &Dd, iben- 
tor*, would se«ui to be devoted in the sj-slem Co tbe same final pnr- 
pOM — the prodnction of heat ; but there is qo evidence thnt it it 
■baorbed intu ilie blood, nor indeed KstieCtctorj proof that it aecom- 
^iihes tiij alinuentBry purpose in tbo eystem. 

781. Eapplj tf OH; SahtuM^ — These are furnished to tbe sjsiera 
mingled hj iinture with nearly all the food we take. Milk contain) 
tiiree or four per cenL of it, . nit one per cent^ rye 1'75, oom 

8 or 9, ordinary mcata uboo rhile in bntter, gravies, andlit 

meat, we have it concentrated oat pure. The roots, as potatoes 

beela, 8k.. coDtain the smallest rtion of it. The sjEteui is thu 

largely furtiished witli fat, readj ^. larod; and moreover, when its 
supply is (Iciiciciit, it has the powei <f producing it out of other «]i- 
mentary principles, sugar, sEarcIi, an- perluips even nitrogeneui nb- 
atances. The pliysiological scrvioca r mOered by the faia are ouuiifold 
and meet iiupuriant. In digestion sad absorption, they nadergo liUl* 
or no change. We may consider their tisas nnder a twofold aqiert; 
^rtt, wh^n liiii up in the body, in a passive state ; and, teeond, as p•^ 
ticipating in the aclive cbaagos of the eystem. 

722. The irconiBUted Fat af tbe Btdf.-^Tbo necessity of Eome sub- 
stance adapted tn Sit and occupy the interspaces that mast oocnr be- 
tween bones, muscles, and vesseU, is obviona. There is benoe eztuidad 
across these vacancies a fine tissue of cells filled with fat. Bnt as un- 
impeded motion is required in a]l regions of tlie system, tbe nutter 
bnilt into these openings and fissures to connect tbe working parts 
must be of a natarc to facilitate movement. The lubricating, anii- 
fiiotion propcrtict) of the oils answer this requirement perfectly ; and 
this eSect becomes tbe more apparent when we consider that the (hIj 
matter of the living body is kept by its beat, either entirely fluid, V 
nearly so. Maizes of fat tissue are interpoKod among tbe mnaealar 
bundles of the heart to promote the case, freedom and regQlari^ ol 
their moTiiinenta. The eye, with its retinue of muscles and oerrei^ » 
bedded in it; it fills up the interstices of the intestinal cavity, tolii 
tbe peristidtic motion of tbe bowels; layers of it are placed on tb( 
soles of the feet and between the bones of the joints, where it stmt 
umilar purposes — that of pads and onahions to break the eSect U 
■hooks, aiid tbo mechanical violence to which the body is conataatl5 
liable. &<"<ides, deposited in the layer of cellular tissne, under tb- 
skin, it relieves abrupt inequalities of the surface, and rounds the oa 
line into curves of grace and beauty, as we notice most con^ncooiM,, 
in wonMD and children. " The fM which smootba the bcoiy oHMn 
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snd aoglM, uid the Dnrroir masdes of tho face, i.* the oosmetio em- 
plujod bj natare to etamp the human coanti^Dance with the tnoom- 
parablfl inipre« which exalts it far above all the lower anitiiikls." Fat 
hi a Suid irtata is alao a v«rf bad eondiieUtr of heat, an that the layer 
of it trhioh aatare providea ander the skin auswers an important pnr- 
poao in proteoting the bodj from the elfecla of citreiDO Ueut taA cold, 
sod sodden changes of temperature Finally, Id tho ooiirrc of onr 
eiporieneo apon this valer-drencbed planet, it ia nften desirable tliat 
we ahonld be able to swim, and thta is onlj made pomble bf tlie 
extreme liyhtntM of the fatty parta of the body. Were the fut con- 
tained in our gyBlema aa heavy aa water, gwiniming wonld be impnuv 
tieable ; besides entailing- upon Ibe inuaclee the inoreased labor of 
iTitig the more weighty limba and body under onlinnry circnm- 



na. BehaTiar af Fata li Ue SUMch.— We have seen that fata are 
digested u) tJ!ie tlomach, bat are reduced Co a lino state of emulaioii 
bi tlM int«iainea, ao ai to be capable of absorption. But it has been 
found that their presence la easential to Btomaeh digeatiun. LKtm&H 
ascertained *' that a cortoin, thongh small quantity of fat, was indi«- 
penai^le to the solution of Ditrogenona artiolee of fbod dnring tlia 
prooeaa of gaatrio digestion." Kun—ag observed in experiments on 
artilloal digestion, that the aolotion of articles used aa food is conaider- 
obly aeeeleraled by meana of fiU. It baa been fonnd in tha case of 
dog* with artiflcial opeuinp in their atomaohs, that flesh which had 
boon dcaigiiedly deprived of fat laid longer in the stomach, and thero- 
fure required a lonj^er period for its change than tha some sabstanoea 
when uUed or impregnated with a little fut. Yet on ilio other hand 
CToaaa ot fat sxerta on iiyiirioDa aotloii, eopecialiy in poraoua of weak 
dIgMtiaa. Fat in small amonnt la thus ueceaury to digestion ; in the 
oonMdanble proportion whioh th« ayateni reqairva, it ought not to 
dorango Uto gastric apparatoa; bal that it is actually a ]>owerftil dis- 
turber of digestion, in very Domerona caaaa, ia Wull nndorstood. It is 
probable that those principlai which are dcaigned to be disaolred in 
lh« atoinooh, may be ao enoloaed and pervaded with fot a^ to out oil 
tit* aoeasa of the solTeui Juioe, utd thus gr«atly hmder solution. The 
way inwhiohfUia diatribtited among tlie mnsoular fibres of maat, for 
«aiDpI<V ia one thing that makce it more or loss easily aqlable by 
stomaclui deficient in gwtriojnice. " If alloD owoa its good character 
for digvatibility to the Uttio fat tbors Is aaong ita olose-^rained fibres, 
wltile the flesh of the ui in iufillratod with oleaginous mattor throngb- 
. ObL The oil anTtJops the flbiM wh«n ta the stomaob, provenU their 
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being permentpd by llie gastrio secretion, and so renden beef iodigM- J 
tilile to all but robnet persons. The ftbsoDoe of fat in fislt, and It I 
poaitry, ia one ^eat fi^vee of their easj dig«etibiUtj La tli4 etomaoli, 1 
though th^ir altimate fibre is lots eaal; aolable than that of r«d a 
Meat or fish Med or otlterwtee dressed wiUi grease is tLereb; raa- A 
dcred Icra digestible to weak atomaclia, tboD^^h to those whoM gaitrit J 
jnicc is sufficiently plentiAil to waab away the oily envelope and pea» 
trnte the muscidar fibre, it t) ime. — (Cuambkrs.) Eyen tt« 

liealthy dtomach often reoolL on oombinations of fat, stanA 

and gluten, on in the instaace oi i oily meats of oats, Slbett^ 
almonds, walnuts, die. 

734. CsMoe lUmntw the Mge r •f Fati.— The eSeot of cook- 

ing upon fatty substances is generally i render them leas agreeable to 
the stomach, especially if the organ be weak. When speaking </ 
bulter, we noticed the complex oompo^tJoQ of fats and tbsir 
liability to be decomjiosed into vurioas ofilutsivo anhetancea. Heal 
effects tbcso changes rapidly, and to an Bil«nt proportional to it« is> 
tensity. In some, as butter, the bare act of melting prodncea an ub- 
favorable alteration, which the morbidly delicate stomach detects. Ia 
f^>iiig, the temperature runs higli, tending to decomposition and the 
^AxlttctLon of various oorid and irritant futty acids. Fatty matter* 
thus changed, or even predisposed to ohauge, are liable to beconio 
rancid by the fermeuting action of the stomach, producing heanbiun 
and iisnseo. This explains why cakes are leas healthy and digestible 
than bread. The large proportion of butter, cream, and eggs, (the 
jolks being rich in oil,) whicii are nsually contiuncd in cakes, and the 
changes they undergo at the high heat of baking, impairs their diga»- 
tibiiity. Dr. Pebetba remarks : " Filed oil or fat is more ditBciill of 
digestion, and more obnozjooa to the stomach, titan aof oUmt ali- 
mentary prindple. Indeed, in ataiM more or leas obvioiii or ncmmuM 
form, I believe it will be fonnd the ofibndlng ingredient in nine-tanda 
of the dishes which distnrb weak atomachs. Many dy^>«{ptia^ irta 
have most reli^onsly avoided the ose of oil (ff &tiii tta obvioaatr 
ordinarj state, (as fat meat, marrow, bntter, and oil,) omwittiii^ <b- 
ploy it in some more concealed form, as y(dk of eggs, liviars of ■"*"riT. 
rich cheese, fried dishes, bnttered toasts, anet pnddinga, Ao." jjt. 
Ohahbxbb Bays i "Fatty food can be takan withoat pain bygaaUi 
Invalids, very closely in proportion as it is fresh, and withont nnoidi^. 
New made batter often agrees, when the empyreomotio &t in bakrf 
meat makes it utterly indigestible. If there is mtu^ emadntian, it k 
right to trjr MTenl forma of olea^nooa food in each 0M% fa>.*M tfoM 




catmot be found capable of Bupplying oiitrimeDt to. Uie fiuling tdipose 
ttwue." 

. bUtm af tbe FiU U IfstriUvi.— Tlie fats are ranked sa rospi- 
■ntoTj ftlimeoM, bat it would be a great tnistuke to aoppoAO that after 
■Iworption ft^m the iDteatioal passage Into the blood t^oj are rimplj 
'bnmed awa; for heat ; before their destmation the; Rerve other and 
eapital aaea in tbo bodf. Fat is an eHsential oonstitaent of the brain 
■Ud nervous ejstein ; it la thus one of the primo material snbstancM 
wtiDed to establish cominiinicBtlon bctwe«a mind and mattvr. It 
m also been latelj m^tained that fatty eabstanees have an essential 
laro in the tisaDe-raaking pmccsa. They do not forniah the inat«ria1, 
td we do not know how they act ; bnt it is agreed that their prea- 
ice is oecieasatj to the formation of cells and the growth of the 
Vidily Btrtictare. TbtiR, in point of fact, oleaginons mibatances, thoogb 
"Vi the head of ronpiratory alimonta, are indispensable to natrition. 

OlMglBaM Dhl aBd CMuaptlMk — HoHaes of crude onorganiied 
Dontnining coagulated alLameo and half-formed cells, and 
id tubfretttf are aometimce found in the lungs, prodadng tvbtreular 
iMnMH/ition. The immediate eoQse of the dicease ia an abortive or 
Nrrertcd nutrition, tuborde being produced instead of tme tiaane. 
Rie Boeda of conADmption are most generally sown io the system in 
mth, when there is a double demand npoo nntritioit, for current 
"Waato and steady growth. There is, however, sufficient nitrogenous 
loatter present to nourish the atructurce ; some other condition mast 
^therefore be wanting. It baa been lately maintained that the faulty 
tstrition which reralta in tubercle, is cnnaed by a defioienoy of oily 
■I^Htnnees, and therefore auch of these bodies aa are easiest digMlixl 
'nd absorbed have been indicated as remedies. Ci>d Liner Oil bos 
e for this iiorpooe. Dr. IIuohiu Bksnktt, who firtt in- 
'toodunml tliia oil to the notice of the Engliab and American public, 
Utes that butehen, cooks, oilmen, tanners, and others who are oon- 
tently coming in contact with fatty matter, are less liable than othere 
tubert^ular diaeaae ; and Dr. BimpmiN has obserred that children and 
Kwng persons employed in wool factfirie*, where largo qnanties of oil 
K dmly nsed, are generally oietupt ttom aorofbla and palm onnrj con- 
mnption. These Eaela would indicate that even ab«orpt30D of fiitty 
Inatter through the skin may powerfully inflnence nutrition. Dr. 
T says that, to prevent eonsumiilJoQ during yooth, indntgenoe 
'In tudlgestible artiulM of food ahould be aroided, especially pastry, 
*«Bripe fhiil, salted provialnna, nnd aoid drinks, while tlie habit of 
4Bting a certain quantity of fat should bu encouraged, and, if n«oca- 
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Of penoDs d Ting of eooninptioa between Ihe agea of 15 and 45^ 
nine-tenths at least hare never osed hi meat. 

727. Bmb « Caaac riapaitiMf ai MMMumuj rtmmgtMt — -Xna di- 
gestion and final use of the nitrogenooa prindples have been axpUmed. 
When taken in too great qnantitv, they charge the aystem with im- 
perfectlj assimilated compoonds and wronglj-ehanged prodnota of de- 
composition, which are- not promptlj eipdled, and which prodnoe a 
gouty state of the constitntion, besides influencing the coarse of other 
diseases. The excess of oily sahatanoes in the food tends to incniise 
the proportion of fat in the body« If more is taken than can be stored 
up, or consomed by oxidation, and thrown from the akin and longs, 
the burden of disposing of it falls npon the lirer, the Uood becomes 
charged with the elements of bile, and a hiliavM condition of the sys- 
tem results. The rheumatic state of the body, like the gon^, ia sap- 
posed to be connected with mal-assimilation ; bat rather with a de* 
ficiency of albumen and an excess of lactic acid, derived frtun a ridi, 
starchy, and saccharine diet. A deficiency of oleaginoas aobstanoei 
tends, as we have jnst seen, to produce the ierq/^dom state, and alaok 
of fruits and fresh vegetables engenders the aoorlmtie condition of body, 
Qr$curvy, ' 

728. Flesh Meatir— Having considered the action of the ccmstita- 
ents of flesh, little needs to be added here concerning their combined 
•flboi. The less the fibre of meat has been dried or altered by oook* 
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tag, thomorejaio; and abounding in floloble albnmen, tind the leu it* 
bt has been rhnngod from the condition of perfeoC ft'whness, either 
by hent or other causes, the more digeBtible it is. The flesh of joang 
ftnimalK oontaioa lees fibrin than that of old ones, bat more soluble al- 
bumen and gelatin, and ia honoe more tondor. This preponderance of 
g«Utiu explains why the broth of Teal and lamb uoagaUtea sooner in 
cooling than that of b«6f and mutton, Albnmen is nsDally considered 
the most digestible form of nicrogenons matter. But aa the ncida of 
Itieatomaoh coagulate it before digtetion, it does not appear that liquid 
■Ibnmcn ia more digestible than that partially ooagnlated. Eggs 
boiiiMl, iKit too hard, are tlierefore quito as digestible as if taken raw. 
736. PnpanUMS •( Fltar. — Of the prodacta of grain and flonr 
irhich ve get in multifariona shapes, baked and boiled, it may be 
■id, their digoatibility depends first and mainly npon tbeir condition 
■a rt^specls lightness or heaviness. The porous and spongy state, as in 
good bread, Js most favorable to the penetration and action of the di- 
gestive juices, while glntinons massea in a dense compaot condition, 
'Mpeuially if charged with &t, are the torment of weak storanobs, ro' 
qniring the strongest digestive powers for their reduction. It is very 
dillicult to preserve the loose and open lextJire of flonr-pasto, or 
dough in hiding, and hence pastry, dnnipliogs, Aa., ara very rarely 
Dgbt or digeatible. Dr. P^nia remarks, " All pastry is an abominn- 
I verOy believe that one-half at least of the cases of indigo*- 
tton which occnr after dinner-parties, may bo traced to this canso, 
^e most digestible pudding is that made with brood or biscuit and 
toiled flonr ; baiter puddings are not so easily digested, and met pad- 
o be considered the most mischievous to invalids in the whole 
iMtalogue." Dr. Lxi obnrretv " It is doubtfol whether there is any 
'Iray of boiling wheat dtugh so aa to rond«r it fit for food ; it will al- 
'wayi be emde, and beavy* Bi>d impermeable to the gastrie jnicc^ Oor 
tiM pitiUings are those made of rioe, bread, sago, or Indian meal 
' teked. Boiled Indian puddings are not very indigtaliblo, and are br 
o those of wheat." 
78a CauM vU flM KrcU.— Aa respects the final or natritlTe 
'•ffects of gronnd grains, it makee every difierMice whether they be 
I%oIled or unbolted We have stated the composition of Soar from the 
Mhterior of the seed, and the whole fioor, whieb includes the bran 
(44 1). The fine or bolted fioor has Ims of the flbrc-bnilding gluten, 
'Uul is therefore leas nouriahing and strengthening. The nnholted 
■ Mrfx, and oven the dark>calored aorta, through which fiiiely-pulver- 
Iwd bna ii diflbaed, ue more ^geslibto ; the fihrou or ligtuoaa ptN 
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tdoles sot sa a Mud of mechomcal dirisco-, Heparatlng and diluting the 
ltigbl7-ooDC«ntrated food, reudcriu? the mass looser and wore pen^ 
trable U> the solvent liijnids, and suomitling it more gradaally U> tha 
meinbranoas abBorbing eur&ce. The gronnd gndn, or woodf fibre, 
mingled with the flour, together with the odheriDg oil, ore further ht- 
vic«able-by promoting the aotion of tlie iuteiitinee. Biiead from &m 
Soar IB constipating, while that from whole floor has an qiericnt ud- 
dency, although it is not purgative. Unquesttonablf, coarse bread a 
much snperior to fine for maintaining the free and regulated actiou of 
the boweis, and Mr. Graham inuaia etrongl;, as the result of hu^ob- 
servation, that ooarse bread is (xjrreotivo, not onlj of midae eooati- 
patiog tendenoies, hut also of morbid and chFootc laxity ; though at 
first it may seem to aggravate the aymptoma, jet the final result is de- 
olorcd to be most decidedly beneSeiuL Besides, in the fine flour ve 
miss the full proportion of the elements of bone and tooth notrilioD, 
the essential mineral phoaphatea. The nourialunent of the Iwny psra 
most be deficient, having less rolnme, solidity, and etrengtb, with a 
diet of fine bread than with the coarser varieties. We have aaciificod 
several most important qnalitics, and giunedoDlyuAiteruai. We iriAs 
with the first conditions of health to gratify a &iiey of the eye. 

7S1. Beau and reu> — The digestibility of theee is mnoh dependeul 
upon their preparation. Wlieu old and hard, and cooked vrilh Ihtfir 
hnska and ehcils, and more especially if boiled in liaTd*vater, which 
prevents tlie soflening and solution of their nitrogeDODS matter, iLey 
are apt to be very iadigestiblo and heating, occasioning Sstnleoce aud 
BOmetimes colic "When boiled in aoft water, the nutritive principle 
aeftens, partially diaaolvea, and becomes more digcatible if the bosks 
are aeparated by passing throngh a hair sieve. Soap is, therefore, the 
beet form in which dried beans and pens can be taken. 

J32. Tegetatks.— The healthftil and iudispensable influence of fi'eah 
vegetables in diet is undoubted. They are rich in valuable saline sub- 
Btaaces, essential to the systeui, and probably act by these as antitter- 
imlici, — preventives, aud remedies of scurvy. They of oonrse vary in 
digestibility, aocordlag to the proportion of their constituents, and the 
thorough softening and deoompoaing effect of culinary heat. U«et 
esculent vegetables abonnd in indigestible ligneous tissaes, which pro- 
Toke intestinal movement, and thus incline to prodooe aperieat effectii. 
Leaves and young shoots contain organic acids; thus, asparagus sad 
the whole cabbage tribe conHun acid of apples, or malic add; rheo- 
barb, malic and osahc acid ; white cabbage converted into boot kront 
EenneDtB aud yields large quantitiea of lactio acid. Theeo wnda mtj 



■ the who 

■ barb, mi 
^M EenneDb 



OnxCEIVCB OP SPECIAL BUBSTAIfatS. 391 

centribuUto Btomocb-digcBtioD, promoting the Bolntion oftlieinore 
BOtritive aUtnciits. In the caec of tnxHa, which are still richer in 
aids, thia effect Is mure msfkc^ 

738. EdIUe RMb, of which the potato ranks fint, are saperiur in 
dietetic iiDportoDW to the vegetables Just referred to. Beaidos their 
hleC oonrtitneDta, water, Btaroh, and alhunion, potatoes coj^taio raaUo 
Mid and aqxtratin^ a DitrogenonssDhstanoe existing also ioMparagua. 
Sutaloot are rich in all the mioeral ingredients required by otir bodiM, 
aoi are of p«rmanont valne agaimt scurvy ; thej eapooially abound la 
fotash. Tnraipi contain no soda, bnt little iron, aiid considerable 
yotuah. Onions have a pecoliar Tolatlle oil which ia not assimilated 
OTdoKtroycd by the body, hot escapes Ihroogh the laogB, contoniinatiag 
the breath. 

784. Fnit> — The delicioas and refreshiog tute of fniita is cfinaed 
1^ a combination of sweets and sours, sngora and acids. The sour taste 
prodnminates in the green frnit, for although the quantity of ai^id in- 
• aa the fruit ripens, yet the sagar increases so mnch faster, that 
Aor« ia a gradual awoetening as the frait matures. In ripe fruits the 
•aids are enveluped in sugar, Just aa in slewed fruit they aro in the 
vegetable jelly, produced by stewing. In stewed and prepared fVuit, 
r and Jelly cover, or, as it were, mask the acids aad salts, and 
llina (^heok tbeir irritatiDg action npon the interior ooatiog of the di- 
ive piuBage. The followii^ eoggestiona of Lii&ia conccmiRg the 
c of ^plec, afibrd na hints of the utility of fruits geuumlly. 
e importance of apples aa food has not Iiitherto been auffidonily 
Mtimaled or nnderslood. Beaidee contribnting a large proportion of 
r, mnoiloge, and other nutritire compounds in the forin of fuod, 
ttey contain snch a fine combination of vegetable adds, eiti active 
fkbetaDoesi, and aromatic principles, with the nutritive matter, aa to 
' Mt powerftaUy in the capacity of reIHgcrants, tonics, and ontiseplics, 
■ad wb«D freely uaod, at the season of ripeuosa, by mral laborers and 
Vthen^ they prevent debility, strengthen digestioD, corroot the potre- 
IwtiTe tendcDoiea of nitrogenooe food, avert scurry, and probably 
I Maintain and strengthen the power of productive labor." 

■lag Isnli, n fiiilwrils. — Babttanwe taken in small 
foanlitiea fur the parpoau of flavoring, and rendering foods palatable, 
are called MttdimenU. Few or none, however, are merely limited to 
Ail effect^ they aerve otjier porpoaea beades mintelering to the taste, 
Bogar, oil, ooidti, and oominon salt, have been described as aliments, 
itat they are also eaployed ■■ oou^meata, 

1, tttMfc — ^t may regard qImcm n on alinwot when oossder- 
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be, tbe experiment of ndnd^geofpalMMd in tiDivaj a: 
the danger of estnbliahiBg deeplj-iooted dJiBMO (775). 

73d. 8 fi <tt, to — A diflB of sabetanoes rich in pongcjt oili^ — hon^ 
ndidb, mastard, pepper, doTea, and varioos qncea^ are in extenaft 
reqaest a* ooDdiznenta. These oila prodnoe a heating^ izritatiog effect 
upon the organs <^ taste, and the stomach ; iq>on entering the Uood, 
tb«j increase the circnkdon, and give rise to stimnlatioii. ^^ Oon- 
dimcnts, particularly those of the spicy kind, are not mnfintisl to the 
process of digestion, in a healthy state of the system. They afford no 
natrition. Though they may assist the action of a debilitated stom- 
ach for a time, their continual nse nerer Culs to prodnoe a weakneii 
of that organ. They affect it as alcohol or other stimnlants do— the 
pre$ent relief afforded is at the expense d/utwre suffering. Salt and 
vinegar are exceptions, and are not obnoxious to this chaige, when 
used in moderation.^— (Dr. BxAuicosrr.) 



10. NuTsmys Yaltjb ov Foooo. 

780. UidtatiMi if the Hatrltlfe Pawwir-.It is to be expected thai 
substances differing so widely as those which oonstitnte food— «nb- 
stances of such various composition — some containing nitrogen, while 
others are firee^rom it, some containing sulphur, others none^ some an 
oxoosH of carbon, others the reverse— must serve very different pttr- 
poHes in tie economy. Each has its special work to do, while tbeb 
duties are 'not interchangeable. A certain degree <d variety is thus 
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the findBinetitA] requirotneut of tfae sygUnt ; and acoordinglT' «« And 

tbnt wlierc nature Lersctr haa prepared the food, as in the case of 

the ntoCher'i millt for her yonng, it is always of a mixed natnra, 

Mnbradng alimentMy prtnciplea of very different rampositioD. We 

have no shadow of evIdeDce that the living bod; posseaMa tlie power 

of converting one elenODt into another ; it cannot tranamnte hydrogen 

into nitrogen, or carbon into phoephorne; if it lack an detnent, it 

must suffer the {ocoDvenieDce of deSciency. Aa regards the cocver- 

Mon of one eompovnd into another, the syatem has a limited lacnlty 

of this kind in a certain direction ; it am effect tomo chnDgea, as we 

Itave »e«D ; it cannot eff<Mit others. It can destroy coiupoiinds by a 

progresdve series of cliODgeH, each descending step being a new snb- 

r tfanoe, but it ownot work upward in a formative direction, ~(A<t( it 

I tJM offlcfl of plants. The materials neoessary to form u oomponnd may 

I fca present in the body without any power whatever to prodnce it. 

I Vho dissevered constituents of used-up tissue, exist in the blood, bat 

h h is entirely Incapabie of recourerting them into tissue. Nor has the 

[ bmlj the power of Iransmnting the respiratory group of aliments into 

I the albnminons, or of enahling the former to rephic* the latter, in the 

' «xigoDcieJ of the animal eoonomy. It cannot make starch do the 

' workof gtotcm. "That noaa of the non-nitrogenoDs substances can he 

made capable, by metamorphoiis or combination within the animal 

kodj of taking the pUoe of the nitrogonoiu or plastic compounds, may 

i BoiT be regarded as one of the most oertun faots in physiology ; the 

1 eonnurrcat ei-idenee of oiperiment and obacrvaUon tending to the 

I eoncluiiiin, that in plants alone can any production of niti«genuus 

[' Mmpounda take plaoo. If animals be fed exelnsively on saccharine or 

f vleaginoos snbstancos of any kind, or in any ennbiuation whatever, 

I tbeyBiwedlly perish with symptoms of etarvatlon." — (Dr. OAimcNTCS.) 

I Aa tho system haa no mysterions «nergy to ehange what it will and oj 

I H will, its action being absolutely limited, it follows ttmt its untritivo 

t pipptics must bu adapted tu its wonts. 

I 740. Hlud UItt ladbpcHaUt.— Our diet thus requires to he of a 
I nixed wUnre, comprehending sacb a variety of materials as to supply 
I tiie whole range of bodily wants, and moreover, shoidd be varied with 
I ^ varying ciroomstanccs of growth, bodUy and mental oicroiie, t«ui- 
I yaraturu, and numerous clianging requirements of the system. Iloooo 
I ^» iinposKibility of prescribing any thing like precise and invariable 
I jBles iu roferenov to the qnantity and proportions of alimentary snb- 
~ weall att«ntion lolhecompamtive valueaof nutritive 
Q ourtain imporiaiit rcapecia, aa baaed npoa eompo rition, 
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y\if. 1X1, illuitntw Uw rnr«tMB«€«HaWHrMlMMr«aaiMi 
ih tJMi ivUicipal artielM oTdML IWr««« Aiii ASU; **i^to 
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rwfi^imov or 



WbMt,!' 




lt>iii'e nf tli(i Hi|iiootiii olomcnt In diet, ta thna strikinglf apparent. Moft 
uf t)i« HrthilcN oiintjilii 7G per cent, water; some much more. Tbt 
KTultiK aro drUmt, tint in bving rodncod to bread thej beoome mon 
than hikir wiiti<r, anil even then we take additional liqaida freely wUb 
Mlliiit l^ Walor ia oswntlal to food, but to make tbe beat rtrntemMt 
ot Ita nutritive value, we ranat throw thia oonatitD«nt out of tin ao- 
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eoont, and tvgard onl; tlie dry matter. Bat the qoantity of Bolid sub- 
itaoce lett, is no guide to ita naCritive effect ; potatoes aiid lean Li«vf 
have the same proportion of water, but they are certainlj widely apart 
Ib nntritive power. 

742. H«« br we MH uunn Satritlte Vatui.— A full view of the 
BntritiTe value of foods, reqeiros n* to tato into account all their 
efikct» ; bat we are as yet far frum being prepared to do this on aiiy 
■jstetuatio or cotDparative scale. The nearest approach to a state- 
ment that oaa be voDtarod, ia hj claasifyitig food* ia referenoe h> the 
two great leading purposca which they serve in the ojRtera — forraa- 
ttoD of tissue, and production of heat — the proportion of the nutritivo 
lo the caloriSent prinoipltw. This dlrUion, although fundamentally 
trae, and capable of being embodied in a valoable shape, we take with 
tta qnalificatiou ; for as has been stated, the respiratory principles 
eontribnte also to notri^on, while the albmuinona may produce 
beat (ae«). 

743. Nfiueot man af Ibe KMrtralarj Priadpict.— The aJbumiDona 
■nbsUnc«s arc identical in contpiuiition, and have equal natritive 
powers; whetlicr in the form of gluten, ^brin, caseia or albumen, 







6 rcplaeable in nntritfve effect Not so, however, with the 
f^alorillenl principles; tlieir heat-giving powers are very tineqaal. 
i91u> preoeding digram (Fig. 123), ezhibila the rebtire proportioiu 

~ beat produoiMl by equal weigbta of the rabHtanoes mentioned. It 
VUI b« thus aeea that 10 parte of fat go aa Cu- at 24 of etan;h in 

eaeratiug heat. This la Lima's eetimsM. Uo ealcalatea thu oil n* 
^««kIi, b; malUpIying it bj 1^ Thu the 9 p«r cent, of oU in Indian 
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d calorifient 
resdilj broDght into companHOii. It appears from this «sUi 
LiBBMi, that tbo BtroDgeat spirila are not ifn]j inuamparaUy 
to the oils, in heat-producing power, but also rank decided]? 
starch and «agar (T13). When we remeaiber Ifaat alcohol 
from angar by a destmotive process, in ivlileh half the eaccl 
■Unoe ia loat, and that the product ohtajned is etill below sngar on 
tb« heat-mfLking scale ; it U clear, that the use of alcohcJ as a respira- 
tory Bnlislanco, is any thing but good economy. 

744. Bad EcMMj af u ntlulTe Heat DIM.— It is seen by the fa 
going scale, that lean meat h the feeblest of all reapirauts If it 
be emiiloyed, not only for nnlrilion, bnt to prodooe heat, t 
qaantitv of it most he oonaaned. As the largest alimentor} di 
of the system ia for carbon and hydrogen to support respiration, 
nitrogenous principlea being low in these elements, afford the 
economical diet that oan be adopted. Thus it haa been calcoli 
that since fifteen lbs. of dcah contain no more carbon than four 11&. 
starch, n sarege with one carcosa and an eqnal weight of 
conld support life for the same length of time, during which anot 
restricted to aniinol fond, ivonld reqnire five sach corcasms in order 
prodsce the carbon nectsBary for respiration. The mixtnre of the nitrO' 
genoufi and non -nitrogenous compoanda, (glnten and starch,) that exist 
in wheat floar, aoems to be jnat that which la most generally osefnl to 
man; and hence we see the eiplanation of the fact, that from very 
early ages, bread hoa been rcgnrdod oa the 'staff of life.' 

746. EqaiUbrloB of Talus DIstuM. — When the due propordon 
demanded by onr physiological welfare, is etrnck, between the 
tire and reapiratory principles, they may bo regarded as o 
values ; that is, thoy ore both, in their jost relatire amonnta, 
necessary, and a diminntion of either prodnces injury. Bui 
ordinary ciroumalanoes, the nitrogenoos matters are most diflicult tO 
obtain. They exhanat tlie soil moat, and lljo tendency of creeping it 
to redoco thdr proportion in equal weighta of alimentary products. 
They represent animal power, are more complex and highly or) 
ore less easily prodnced, and more destructible than 
The valae of foods, therefore, nnder ordinary oiruumstancAS, riaea 
falls miunly in correspondence with the 'proportion of tbeae 
nents. But in ease of famine, or arrest of prodnction, these condi 
are reversed. Crops of green roota and vegclables, the ii 
and principalsonrcesof respiratory food, ia tlie shape of starch, sugar, 
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uul oil, u* ent off. We hil back upon the Bnlntnl world, bnt this b 
obiefl; a graiul store of nitro^wnoDB matter, witlmiit its ilue propurtion 
of other constitDents. The lialsnoe lieiiig thus lost, rp^pirslor^r food 
rise* iu douiand and value. 

7441. rnp»niM *t NatHUn U (U»Hiut PriadplM.— The following 
•oheme reprcMOts approximately the value^ nutritive and coloriftent 
— bnililius materials aod fUel — of vorioiu articles of food. It muBt be 
received aa only a geDcral or oDtlino eiproaaion of the fiiota. Different 
Hmplea of tlie aBine food vary in eoui[>osition ; an nveroRe is tlio bcel 
iMull ihnt can be obtolocd. 



OOMpAkiTiTi tea LB 







uUlUra, »ul ht(k*t In ajoitiyiic <II>M. 



I 



•TkiuthnitllM fbr ttttlMTt 



_ _ _ _ __ _ Wlom, )■ miDHrlcul oti!«r, wantlM frt 

nw.nl ^ 1. t, E^ <, T. a, r 10, IL U, IS, 14, if, Ilk U (UOM)! li 4, II (IM 
o (PioC B. D.Tu»i>m»>i 11 (itmiaa). 




I 



PHYSIOLOGICAL SSTBCIS OF FOOD. 



The potDt to which ve colled attention in the previons paragnfk 
must not be forgotten, or the Bcfaeme will cert^nly mialead Dii 
The oalorifient principles are reduced to llie ^ipresdon for fltarch, n 
that nherever fats are involved, the respirator; eqiuvslent ^>pean 
higher than the qnantides famished hj maljaia wonld otherwise wh- 
rant. Thiu, if we lake the weight of the casein of milk to repreeral 
•■ Ua aotritiTe power, and the oomMoed weights of the SDgar and butter 
to represent tlie respimtorj effect, we shall get a resalt dififerent &om 
that in the table, 10 t^ nntritive, to 18 or 20 of respirator; food. 
LiKBia sajs in anbetanoe, in oonnecUon with this statement, that the 
relative proportJona of the nairitire eoostitnents 'n milk, to its hatitx 
and milk-sugar, that of tho plastic matter of fleah to ita fat, and of 
the album iaoas substance of grnin, potatoes, peas and beans to tluar 
starch, are not constant. They vary in milk with the food ; fatlcD«d 
flub oout^na more fat than that which is lean ; and the difference be- 
tween the two kinds of potato shows bow great maj be the Tariatioa 
in different varieties of tbe same plant Bnt the above ma; be re- 
garded as average nnmbera lying between the opposite extremes in 
each coae. We maj consider as constant the following reenlti, 
nomelj, tbat pens, beans, and lentils oont^n for one part bj weight of 
plastic matter, between two and three of non-nitrogenona matter 
ranked as starch ; that grains, sach as wheat, rje, and oats, contain be- 
tween five and six parts, potatoes tVom eight to eleven parts, and rico 
and baokwlioat from twelve to thirteen parts of tbe Jntter, to one vl 
the former. 

747. SatrlUic Powua ef HUb. — The above scheme is rich in sug- 
gestions. The starting point of all inqniriod into tho nutritive qnali- 
tiea of foods is milk. It is the oolj complete or tjpical aliment fitted 
to uoDrish tho entire body ; the only dietetic prescription that nainn 
has furnished to fill the fall circle of bodily wants. The water ia there 
in large proporijou to snpply tho necessary liqoids, the mineivl salts, 
to bnild the bony framework, the casein to form the tisane^ and bnt- 
ter and sugar to sustain the bodily warmth. Not only does it oontun 
every thing the system requires, but in proportions exquisitely adapMd 
to the demands of peculiar and varying condmona. It is the app<Hnt(d 
H diet of the infant, the chief buuneea of which is to ffroa. Its diet 

H mnst, therefore, not only be sdjasted to meet ita cnrrent waste, bat It 

H requires to be especially rich in the BtmotDre-maklng constita«nlB, and 

H Bucli is the fact. Tbe weight of the nitrogenous curd to the bnttff 

H and sugar, is as high as 1, to 2 or 8, But see how admirably nature 

H modifies these proportions to suit special occasions. Of all the yonng 
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of the Bniioal world, none lead so quiescent a ]i(a, or wlTsnoe vo slow- 
ly t« raatnritj, aa does tbo bamoi) infimt. Tbe joung of other imi- 
mnls mora qDickIr detelop, and are called opoo to put forth exertion 
luuch earlier. Uenco the milk of these auimals, aa for example the 
cow, ia richer in the curdj, or bnUding andstfength-giviDg principle 
tlian hnman milk. 

713. WbMt mtrnVti Milk wU B1m4.— Wlient, hj unirenal consent, 
ranlu Snt in Dutrilive value ouiong grtuDa. It abounds in the valoap 
hlu elements trhicb tlie bod; roqairce — iiiiDoral lorttler for bones, gin- 
ten for tissue, starch for respiration. Its defioiencia* are water and 
oil ; the former we supply in converting it into broad, and the latter 
by the vnirersal castom of nsing hntter with it when eal«n. Another 
great advantage of wheat is, that its gluten is pre-eminently of that 
quality which yields the lightest and nio«t digestible bread. The near- 
ness of wheat flonr in chemical cnmposiUon to milk and blood, is 
shown in the following analytical statement : 

M>. mxA JKk. 

i, TOata, 

iw^ AJboiDen, 

^GhHlB, Qualii, 

'Ohitra, (MariDg m>tt<r, 

• en ad ttnO, PaMudiilb, 



, Baw WkHtea prtpifatlm mntt Oe ItMca af tiM %<piUm.—Tb9 
Itttemplhaii been made to detormiDO the daily consumption in thesya- 
O of nntritivoand fMpiratory matter. The problem is must diffi- 
enll, and the results thus br only average and approximative. It is as- 
sumed ttiat the waste of tisma is about a grain a minuto, or OS gr^Di 
p«r hour, or somewhat moro than 8 oi. per day. Poosuls atates 
that the reaearchea of th« last 90 years have shown that an adult to- 
j^fcrMfF MM oonaDmsa caoh day between 1 1 and 1 S ounces of hoat>pro> 
^Vpidng prladplM, and abont i\ onnecs (firy) of nitrogenous matters, 
VMfcargvdwHh the rceeaerationof tlie tisHMs; that his nonrisbtnent is 
' . oot oompl«ta onleaa it is formed of one part nitrogenoDt matter and 
(bur parts mpiratory. Gkmxee, from an examination of the diet 
•oatuB of varions educational. Invalid, and penal establishments in Lon- 
don, obtains tbo renlt that Hie nitrogonotu should be to tba non-Bitro- 
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Utenous ea one to five. FnaBtCBa calculates that th« d^y o 
tlon ahoaldbeS-ITunucesavoirdnpuisof nitrogcnons, and 16-64 or 
of DOD-nitrogoDons food, that ia, about as one to *e7en. Wbeat ster 
ages, porhap*, one to five. Bat elarch is a bulky form of regpirBt£7> 
alirnoDt, and hence it ia only hj the nso of very coosidvrable qauDEi 
ties of broati, tliat eoongh of tbia ingredient can be procnred lo siu- 
tftia the temperatnre. Butter, a more ooncentntted hcat-prodofw. 
comes in to assist in relieving this diffioolty, and as wlieat ia b1iik>3 
entirely deetitote of oil, it is highly probabhi that batter u also ip- 
Btinctively added to promote its digeation. 

760. YariiUeu !■ NatrltlTC Tain af ffkMd— Thn proportion at nu- 
tritive to respiratory principles in wheat, fiactnates moch. -nhich n 
coarse, afftKita its valao curreBpondingly. Flonr cootainicg B per o«nt 
of gluten muat give rise lo very different phydologica] effects froia 
that contJuning 18 per cent. The large proportion will prodoce Xh* 
blood coustituenta most copiunsly, and yield most strength. Tet, u 
we have repeatedly stated, commercial and nntrilive values, so fa* 
from coinciding, actually antagonize. Instead of the increaaitig pro 
portion of nitrogenona compounds being any indication of the prin 
nhich will be paid for wheat, it is qaite the reverse. We prize ao^ 
estimate flour directiy in propottioti to ila tcAiCencH, which is geoer- 
iJly in inverse ratio lo the proportion of its gluten. Wo give most fot 
the wheat that will nourish teiut. As the chief object of the fsrnie' 
ia to produce an article wiiicli will command Uie highest m<trl;«t price, 
he has no indncemeut to cultivate grains rich in albmninooa com- 
pounds, but a, double motive for the contrary coarse ; those which ate 
dofioieot in these elemenfaeihansttbo soil leas and bring most mooej. 
151. Htgh iBtrlUte Power gf tMne Bratd.— In the sevenloenth 
century, Taubj.^ estimated the annual conanmption of a nuui atneor- 
ly 712 pounds of wheat, a quantity which now nearly suffices for tiro 
men; and by the improvements in mills, there are now guned la tlip 
population irameose masses of nutritions matter, of the annual valna 
of many millions, which were formerly used for animals; thcbnn 
way be far more easily replaced by other food not in the least adapWil 
for the use of man. The high value of bran for food has been long 
ago pointed ouL Wheat do«a not contain ^>Dve S per cent, of indi- 
geaUble, woody fibre, and a per/eet mill should not yield more than 
that proportion of bran, but practically, tlie best nulls always ncpa- 
rate, even now, from 12 to SO per cent (10 per cent, coarse bran, 7 
tine bran, 3 bran Soar); and the ordioary mills produce as moch as2£ 
oer oent. of briin, oontaioing 60 or 70 per cent, of the most nntritiooi 
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ooSHtituents of the flour. Bj baking bread with unbolted floor, the 
mass of it mnj bo iucrcafcd from one-siith to onc-fillh, ajtd th* 
priet o/it loitered fty tht difference hetween the price of the bran a* 
fadAer far eattU, and that ef tH» fiow gainrd by not bolting it. 
Tlie Beporaliun of the bren from the flour by bolting \b s matter of 
Iniury, and injnriom rather than beneficial aa regards tlie nntritivu 
power of the broad — (Ijebio). ^ 

702. lllMMiti ■*) kewrtMted tj lileralitire. — Lean flesh ia.tho 
mi)«t conccntratwi form of nutriment, is easily digested, and qiiicklj 
eourerted again inti> muscle. Yet, tliongh a most perfect nutriment, 
it la least fitted to meet the complete demands of the eTstem. It ia 
not a oomiilementarj food, like wheat, answering to the double rs- 
quirements of the body ; itA defief enoj of respiratory matter mokee it 
iioecBsur; to oonBome with it fats and gravies, or eUo Join it with 
those anbstancea at ihc oppoaito eitremity of the scale, rice, potatoea, 
veeetaliloB, &o., which abonnd in colorifyiug matter, bat are deficient 
in tbo nutritive. On the other hand, if we attempt to live escluMVoly 
on riiMS potAtoori, or vegetables, in order to procure snflicient of the 
flesh-produelng ingredient^ ire most eonsome an enormona bulk of 
reapiratury matter, eo mach more than la needed, na to produce de- 
formity and disorder of the system. It is euy to we, however, bj 
rcferpDco to the jireceding scale, that we can make such oombinatioiu 
of diutedeol articles, oa shall compensate for natural defit^enoiea. In- 
deed, tho duo admisturc of these different prindplce of food, ia a vital 
and iinmaoent nccciwity, which, if disregarded, mokea itself quickly 
felt in phj-siotogieol derangement, so that man's insdnota have sufBoed 
to guard him In memy east* against brood departures f^m the proper 
and healthy conree. In all countriea we notice dietetical actjuatmenta 
tending to the Mune physiolugicol end. In the coarsest and emdest 
diet of borbsrotu tiibes, or tlie hlgb-vronght luxuries of the refined, 
the Bonio InBiliictive cravings are ever regarded — the same purpose of 
nature is always [n view. Potatoes and vegetables, with beef, mutton, 
and }Kirk, are almost nulTenal eombinatloua. Ileuia and poaa, which 
ure tho moat highly oontvntrUed v<^t«ble Dutrimenta, are anodoled 
with fat pork, in the well-known disbee — 'pork and beana,' 'pork 
and peM pudding,' and the eitreme oUineas of Iiaui or booun I* eor- 
rected by the highly nntrltivs egg (ham and eggt). Bo also milk and 
egga are cooked with rice, and bnttor is added to bread, which ia de- 
ficient in oily matter. In Ireland, where jiotatoM form the staple ot 
lot, and there is a defiMoney at meat, they attempt a ooupensatlon 
f uiiiigtiDg with the poUtoea boiled cAbbase, which i» ricli in nhm- 
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genons ni&tt«r, with perbspe a littla meat, makiiig a dish known as M 
eaation. Bic« is nlao s staple article of food tbrongb vast re^ons. Il '» 
vefjf deScioat aa a nutrimeat, coDtainiog but little nitrogenoos, fiitt; 
or Mline matter. It forms on tmaabstantial diet, cannot be •Dbsiitat«d 
for meat and dry vegetables in soldiers' rations — and most aiwaji be 
combined with tutrogenona prindples. Henoe, whenever they can be 
obtained, milk, fi;^ and meat a£e added to it ; and eren with the ol- 
moHt proenrable qnantitr of these substances, it u qoesUonftblo wheth- 
er the nativea of rice-eating eonntriee do not one mach of their lack 
of spirit and power to defective dieL 

753. Diet rcqalnd \j CUMna. — We are reminde>j agara, bv refer- 
ence to the preceding scale of cqmvalenta, of the ill- adaptation of nc^ 
Bago, arrow-root, corn-starch, 4jo., as diet for children. Milk, rich in 
natrient matUm, is thar tjpioa] food. They require nitrt^nons sub- 
etanoea, fur the doable purpose of present waste and growth. Wheo 
fedonthesnbstancesjnat mentioned, which lack both nitrogenotB and 
uunval sabatances, fat ma]' indeed aocnmnlate, bnt the frame is weak 
and rickety, from small mnscles and softness of bones. Obildren shoold 
have a full supply of blood -prodaoing food — even bread ooDtaina ttio 
little for them — milk or fleab should he added. Bnt whether f^ on 
bread and milk, or meat and bread, there ia apt to oconr a defidency 
of phosphate of lime, from the rapid formation of bonev Bnt aa meat, 
eggs aod milk contain an excosa of phosphoric acid, there bring not 
enough lime to convert it all into phosphate, lime itself is a good ad- 
dition to the food of yonng children. It may be given in the form of 
lime-water, which the peasanta of Germany give to their children with 
the best results, while the children greedily take it, gnided by instinct. 
— (Gbeoobt.) j_ 

11. Tnz YBoBTABii.s QcEsnoiT. ^| 

754. The pabiU la CentrtTeny— Strennona otyectioQ to the naMJ^ 
animal diet has been made by many, and pnre vegetable prodacts Mm 
mended as the best food of man. The controversy has been between 
the advocates of a mixed diet, of vegetable and animal sobstaoces, on 
the one hand, and the partisans of an eicloaivo vegetable di^ on the 
other; the point of contention being the dietetical fitness of animal 
fbod. The vegetarians, however, as a school, do not entirely proseribe 
■ainial diet. They generally admit the use of eggs, milk, bntter, and 
dieese, btit repndiate flesh, Hr. GitAHiM recognizes the inconsistency 
of this course with the true vegetarian theory, and regards the tiso of 
thoee substances with djsforor, tolerating them, as it might be^ nnder 
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protest. The quarrel U nn old and embittered one, and hat been 
nmd« to involve ail sorts of consiileraliuiis. We epitomise aai cod- 
Unat bvlow, some of the orgiiuivuta tind objeotions wbicti are most 
ociuiiuuuly Btarted in tlie conrae of this diacusMon. 
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Adcu mlldnes ind doellftjr aS lUipoelUoB 

(«0- 

ua Umr tan m 

ocmlDD for il, bvLng iDtondeJ to dsrtie tli«lt food rrom Iba prodiin at Uw MiU BU 
IT vrdftdmlt Uiftt tbo habttiul diet reaca npoo, «Dd taodd tokvep ap Uts TCtfpvcciTe !■» 
pciwlllu or IbeH I'd cU»«, sail than U lotMng tn TCcrUble food I^M iii ifl| 
iDdocH mUdoBM ud dosUlty. Thi (btodlj of wild fcnlli, boui, bonlB^ An, li WA 
bunrs. Our dDmHtlatad uinub tn nut In llwlr utsnl itata, an >eUn ■mn* «f ^ 
(lIsmeDlud dineer ImIbk irmoKid, la Ue generil matUatlon at Uie mala. 'Wo^fr 
notwo tbo lnulEiound tai tho sanTlcUaD. tbttamvi. In good mT>n(« baKh. «1dM 

plctbarlcfirlubllllf, itlllbclii tbalnWcliugedfor UiebetWTbTn " 

of DinEUm uid potatoM for Lta aqulvalcat in vbAat-BoBTt or ad miclal bb 
Qiag, Aod if Ifaa cffMI of ntilranKl Tfjotarianlim TAra to l>e» to raduo 
ot ail muikliid to tbo IsilplditT of nid amclvt. ud ihs bluidtm of ei 
we, tr>[ our put, iliDdld Dot Uke the irorld half » <re1l u *• do noir. 

vara broufhl to ma wllb "nrj good abaraclerft" from Uieir partpt 
na aocrgy. or irara nrrilj; glia ma (ha uugblrcblldreiil U 
U work opoD. and ■ probilla of tntare MUrltf.' TbaamoUoni 
■aareaa of all acUcm. and If tbeta ba tamed down lo tba TsfeMrian ib 
band that, acitba will ttw baltot parti of bumu natnn ba caltnd Ini- 
lion by Uielr own aoUvllj-; nor will tie vmna «J1 fonb that enargj foi 
vhlcli li often tba fonndallon of wbal la nobleat In bnmui ehancifT.'— {Dr. ( 

Into tbe general question, as thns opened, wo do not propoM to en- 
ter; bnt simply ro coil attonlion to a few chemical and pbjwulc^ctl 
fiiPtfl, wliicli appear to lisve been established, and whicb may enable nt, 
|>erb.ipn, better to comprehend the present conditioiu, and more striet- 
Ij scientific nsperts of the subject. 

756. RMtrlH«4 Stvpt 1 lalmil TnarfMwttou.— We recan at this 
point the statement repeatedly mode, tbat the animal ijst«m Is nol lo 
bo viewed as capable of creating or fabricating the oompouid es1>- 
Btanoos which it employs in notriUon. Bcceot organic cbemistii' 
has profoandly modified the older views of this aatUir. In the sb- 
eonce of all aconrate infonnation, the animal system was looked upon 
as endowed with nulimited and mysterioos powers of transforma- 
tion; bnt we now nnderstond that those powers are definite, and 
limited within a narrow range. It is not strange that, in the abefoce 
of exact knowledge, but little ooold he discovered in ooniniOD betWMn 
herbage and dried leaves of grass consumed by an ox, and the blood 
and texture of its body. Bat chemistry teaches as now Ilist the ver; 
Identical material of blood and tJssue is prepared in the rentable, and 
ihal the office of the animal b chiefly limited to eitractiDg and ool- 
.ecting it from its multifiirioua vegetable food ; it can oulj- spproprt- 
tt9 pre-eiisLtng componnda. 
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766. T(«(Ubl» ud iBlnul PrlatlplM tlM umt. — Wo have ftirtlier acen 
that there ia a remarkable iilcntiCj uf alimeotnrj' principles, whether 
doriveil fi-om plants or animiilH. Ves^table and saimal fat« have the 
same BDbstanttul comporatioD — are alike divisible ioto li<)aid and «oIid 
parts, with eiintlar proportiea. And so the nitrogcnoiis prindples, 
vegetable and animal, are remarkable tor their chemical nmilaritf — 
in oumpoeition, the proportion of their elemonta, eiternol properties, 
and mode* and prodncte of deoutnpoaition, TCgctablo albamen rewni- 
Mm animal albumen, and the same with casein and 6brin. The veg- 
elnlilo priaci(i1c«, by simple digestive solntlon, are converted inio blood 
and Ueab, without decoapoeition, just as minerid anbstances oia; ho 
dJSMolvod nrid separated, again and again, withont afTocting their chetQ' 
ical integrity or eaiential properties. Whether we go to the vegetkble 
or animal wiirld, thererore, we get the same nalritlve principles, and 
we arrive at this twofold conclusion : that, while we may pruoara 
every tliiog atlcquato to complete and liualthful sustenance from the 
vegetable kingdom, whore it is all first faliricated ; on the other hand, 
wo find aubstantifdly the same principles in the animal world, with 
only roodificationa of form, cunceutratiou, and solubility. It wonld 
seem from this point of riow, that wo may confine oorwlves witbont 
dotrinient to the fonner sonrce of aliment, or nMort witiiont injury to 
the ktter. 

TfiT. PMilUr UfHHwet Ficih DIM. — Yet there are important dif- 
forciicivt between Tcgotabio and animal food; in what do they con- 
sini! LiKBio observes, "Bread and llesl^ or vegetable and nnltnal 
food act in the same way with reriirimc« to tliose fiinctiona, which pro 
common to man and animals ; they form in the hving body the same 
prodnots. Bread contains in its oompoeition, in tho form of vegotabla 
albiunen and vegetable flbrin, two of the chief constltaenta of flceh, 
and tn its {ncombnstible constltnenta, the salts, which are indlspenjui- 
blo for blood-making, of the same qnallty and in tlio some proportion 
as lli^b. But desb ooutuina, bendes these, a number of ■ubfljuices 
which are entirely wonting in vegotnblofooil; and on these peculiar 
ronstituciiti of flush depend certain cfliwts by which it Is eseeuttallj' 
distiuguishMl." Beferenoe Is here mada to th« pecoUar oonstitnents 
of flea h -J nice which have been toentioned (471). Flesh Is thnescom- 
plvi product, containing peculiar principles, — a residt uf all the diges- 
tive and preparative adJons of on animal organism ; and as the 
purpose of food la tA re^prodace fle«h, it is evident tliat no <lietetieal 
prejiaration can eOeot tbia to perfectly, w rapidly, or with bo little 
jihjiuuloglcal l^ior at matt lUtU. Fleih it ntuart to blood, and 8wb 
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'if'ifl-'lANolB is most eaxilj converted into botli. The ingestioa 
tf'flafc'Mgnents the proportioo of fihrin in the blood, and increawi 
flw antMt; ornntritioii. The heart being a tisane of muscular fibns, 
t« mora fnlly nonrished ; the artlrity of the circnlation is coneeqnenll? 
increased. The exdintion of this activitj, observed after a copiou 
inenl uf TenisoD, is due not ooly to tlie abnndance of albaminons mat- 
wi oontained in the venison, but also, probably, to its proportun- 
■tely large qnantitj of kreattn. lllghl; animalized diet exilti 
the density and solid oonstitaentA of the blood, and increases tha 
namber of its oorposcles or globnles; hot does not angment the 
proportion of its albnnien. This re-enforcement of the blood by «•■ 
BumptioQ of fleah, in heigbteniog the general power of the systam, <f 
course, strengtfaena tlie paaaions and propensities. For this reason Om 
term ttimvlattrtf has been applied to flesh-diet From Its gTMtC 
ooDoentrntion, it is easier to over-eat nith animal thanwitli yegttilit 
dieL As excessive alimeotetiDD is a nniveraol danger, the vwgetariMi 
is most protected, thongh by no means safe ; for it is very Msy la 
slide into eieesa upon n vegeUtble regimen, eepecially if eggs, mil^ 
hntter, and cheese bo freely nscd, as ia very apt to be the case.' 

TS8. niDCnU lunenBeplaMaUeti the tw»Dlcti.—Bnt while vefetaHa 
and animal food yield precisely thesame organinprinciples to the bleod, ' 
they do not fnmish to it identical mineral constituenla, as was stated 
before. The phosphoric acid which appears in the blood in oom 
bination irith the alkalies forming photphata, when animal food i* 
oonsnmed, is replaced by carbonic acid, and the earbonatst when w 
change to a diet of vegetables, and fmitd. Bread gives rise to phos- 
phoric acid like flesh. Wo called attention to this moit ertraordinaiy 
Ibct— that a powerfiil, filed, mineral acid, and a feeble, volatile, or- 

• "TliBlDfiiunieotdJdaTSriBDttiulai'Bbr*, laui Jmpi>TU>it»cl4l<iiiHtt(Hii IbtUMn 
itndtilmjwp faATD Hi wayft ruled the world. Iiipe»« udla war, [& ft pr4^iUi>n qiilu«^Di] 
t<»br4lB& Indepd, Hit ■qaeflClm wblch the prueat vrltcrti di*pOK<l tDuuvvTln tt* 
■nmiMlTa, wlHthn luMDnaUy miuenlu ud mBnUI eacrgf du But ilinr' "»' <■> <«apl« 
uid whethn III* flnt la sol tha rmuu of the teund. It dou Dol appvu thai u; 41>i,i* 
tlivn ba plsntj of It. Ig locapableof DltiDgiBiu (o pit tb rough bli diUlj iroik U i> 
/huAlm; bat Iha heit gpsclmi^iu of Ih* ipEolM In thilr Hitnl urt^ hnnlsn. Mnl^il- 
tnrlil*. or dtinu, m thoo nitloDg »ha grt moM OMh-niHt. A. mlUUnl iarmut> 
of ( raut dial to • uUnii [> tha dlOeultj at obttlaloc II ; Kii tlH truth, probibly, u lUI 

tha lutnre of tbo food IIboIC lis \hU li ntltflcd witb vbat be can pick q^ n^Ay gntn, 
• elttiir Into » ilimd Maw HoUindar. whara Ibod la drOdEDt, « Into u 
crulurt like tha old lohibltaBta ol Ihn Wut Indlaai. whera It 1* alwulul ; 
Di olTlllicdpeapIc with 'aura br their mat uiddlat,' will biro tbonchtalKiiitU, 

■d their rowud Id tba laanl llaell"'— (Dr. rnuiun). 
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gAnic acid, deport themselves oUko, and pradaoe exactly the eamo 
ellccU, ID that mont delicate and cliangeakle of aJl cbemics] prepara- 
tions— tlie blood of the liviag body. We ena hardly luppose that 
these videly diMimilur sabstoDccs would have been made bo perfectly 
interchangeable under tlicue circnnutances, except to provide fur the 
posBibility ofa mixed and variable diet. 

T&e. IidltatlMi tnm tbe Sadra.— AttoDtioo bas been colled to the 
Miliva,asaffi>rdiiiga puasible teet of the kind of food adapted to different 
ninmalH. Iluiiian saliva is much more powerful in ila aotiun than that 
of coraivorons aiilmals, as the dog. This evidently points to a diet 
abounding in starrli oa proper for man, while the contrary ia clearly 
indicated iu reference te tho doti. 

TSO. BeUUva Emmmj af TecaUUe aad lalma] Diet.— If the quesUon 
present itaelf aa one of economy on the hirgcet scale, that a, nnder 
vliich diet the greatest number of human beings can be sustdned oa 
a given area, we must decide at once in favor of the vegetarian polieyi 
All animals are organisms for the destruction of nutritive matter. 
When an animal ia itlargLtered, it alTorda a masa of nutritive material ; 
butiti«o[)ly areeidae,— aamail remaining part after life-long waste and 
destruction of food. The body of the ox repreeeota, perhupa, thon- 
eands of bashela of grains and roots which it has consumed. If we ob- 
tained from him force, in the shape of work done, the Ions was not 
total ; otherwise, a few hundred weif^hta of beef ia onr sole equivalent 
fur tho deatmction of many tons of vegetable food. The amount of 
nutritive inatariol proctirnlilo upon a given sarfoce of the earth, is de- 
linite and linuted, and the inferior animals are moohlnee for ita de- 
strnciioD; in conatmiing Uiein, we take what happens to remajn, and 
besides the previotu necessary lose, the nutriment we gel oomea In 
the worst poeaible shape in point of economy (744). If gruns, legu- 
minous seeds, frnila, and roots, are cultivated— anlriraenla adapted to 
the suatenanoe of men ; and the lower animals be dispensed with, the 
conditions are provided for the largest linman popnlation. Die great 
superiority of agrienltnral commimities in nambcrn and power, over 
the hnnting and flesb-consuming races, is thus obvious. The cose 
woa pithily put by a North American Chief, who, according to the 
French traveller Cbbvicogr, addreased his tribe oa follows ! " Do yon 
not see the whitea living upon seeds, while wo eat Seah? That the 
flesh reqnirea more than thirty moons to grow np, and is then often 
ecarcot That each of the wondurfnl seeds they sow in the earth, 
returns them a bnndrad fold ! Tliat the flesh on whicli we subsist haa 
fDor logs to eaope from vt, while we can use but two to porans and 
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capture it t That the grains remaui where the whites sow them, ud 
grow t That winter, which with us h the time for ittborioiu hunting, 
to tbem U a period of rest? For these reoeons have they so minj 
children and live longer than we do. 1 say, therefore, onto every one 
that vrill hear me, tliat before the cedars of our villagv shall have died 
down witli age, and the maple trees of the TsUey diall hare ceased to 
give as eagar, the race of tlte tittle corn-Bowere, will have eitermi- 
natad the race of flesh-eaters, provided their liontanen do not th«n- 
aelves Ijecome Bowefs." 

T61. DlnnldN ef Diet >m»og dlTerait KallMH.— The adaptability of 
the hnmaa conatitutioD to widely diffeniot dietetic conditions, is re- 
markable. We find among Uie races distribnted over the globe, the 
pure vegelariana, — some anhMsting npon soft fnilta, others upon hard 
grains, others upon mcculeat berboge, and others agun npon tongh 
fibrana roots. On the other hand, there are the cxcluuTe animal 
feeders, some conBoming flesh, oibers fish, other* fowl, and otlien 
even insects-, — some devour iheir food row, others cook it; some lake 
it as soon as it has ceased to live, and others wut till it tnms patrss- 
cent. Thna the diet of one locality wonld become loathsome and fUd 
in another. It has been aflSrmed that this dietetic pliancj of man, 
by which he Is enabled to live npon the most strangely diveree fonaa 
of alimeot, is a wise providential design to seenre the diffuMon of the 
human race, and the most extended occupancy of the earth. Bot 
though this be adinitted, it brings ns no nearer to a settlement of the 
question, " What form of diet is beet snitod to the fiill and harmonioos 
and highest development of man's nature ! " that b one of the larfie 
and serioos problems to which science will addrew itself in tb« 
ftitnro. ^^H 

12. CosBiDR&iTtoNS OF Dm. ^^H 

162. We conclude the subject of the phyaiolo^eal action of M^l 
with some general and practical snggestioiis concerning diet, partly ia 
recapitnlation and partly snpplemental. 

7S3, The deaand far Food Tariablt. — By recalling the pnrposes to 
which food is opplled, we perceive how changeable must be the de- 
mand for it It is the Bonroo of power, and therefore, with Uie alter- 
nations of exercise and rest, its requirement rises and faOa. Tt is the 
sonrce of warmth, and therefore the quantity we need mast vary with 
onr protection from cold. Any cooling of the body increase* th» 
appetite, and compels ns to eat more than Dsaa). Again, the neoeaBty 
for food ia complicated with the conditions of breothiog. lbs VtfU 
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of mtiXter )o the boclj «tands In close relation to tbe oxygen it oon- 
EQinee, and this Tories with cupaaity of the lungs, atmospLeric parity 
and density, and therefore InflneDPCii the qoantity of fbod necesMTj to 
restore the bodily loca. A Ifanohester mann&otiirer Tontilstcd liu 
weaving mill, when forthwith the appetites of the operatives wore 
•harpened, and as their wage* would jnst inpport them, they mftile 
formal complaint of the change, Bud demanded an advance of com- 
pensation. Thus the multiplex and ever-Tarying conditions of tern- 
perolure, wr, and ezercine, joined with the diverse inflnences of age, 
sex, ooDsdtution, temperament, and habit, conspire to determine the 
necewity for food in each Bpecial case. 

7M. DlnrtlUta la DigiaUw uA DM.— There are also wide diU'vr- 
cnres among different persons in point of ability to digest and assim- 
llate food. We meet with one olass — types of robnst hcalUi, with 
sound, vigorous systems, Bocustoniad to much ciorciso in the open air, 
and who take all kinds of food, caring only that there shall l>e enough. 
Tti«? never KuQbr the slightest inconvenience from what they eat, and 
seem indeed to be nnconscioos of having any stomach or visceral 
or^'aus. All discrimination a among aliments, as digestible and indi- 
liwtible, with suggestions and precautions concerning diet, fall opon 
the ears of such as without signification. On the other hand, we 
behold the dismal group of dyspeptioa, horribly conscious of tlieir 
digesiivo irrangonu^nts, and to whom the whole world of aliment is 
turned into a perennial fountain of misery. Between theeo.two oi- 
treinos there are all dc^reca of digestive power and gastric susceptt- 
bititj. Again we notioe great diversities in plans of diet among thoso 
with heallhy digeetions. This stato of tilings makes difflenlty in 
Hiing upon terms to describe different sorts of diet Low diet, for ex- 
ample, b applied t<i a combination of food that yields less blood and 
Btrungth than njual, wbUe a hif/h or g«n«roiu diet tends to produoo n 
contrary effect But it is obvious that a diet wlildi would be, to all 
interna and pnrpoeea, lote and tpttrty to a hearty meat-eater, might b<i 
Ai^A and generoiu to a strict vegetarian. To bo able, therefore, to 
pronounce any particular diet abtttmunu or^tl, we most understand 
the preceding diuUttie habits. 

765. Dally TH*l'**i**t 'f V**t- — These facts make tt apparent, that 
all rules of diet are necMsarily so general as to bo of little servioe, 
until modifted to suit the peculiar eircumstonoca of each iodivldaaL 
Instead of blindly snbmitting onrvelves to any scheme of dietotio 
directions, wo sbonld exeroito an iiidopendont Judgment, studying 
carefully our own constitutional pocutioritioa, annlyiiug our conditions, 
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nod &eclf revulng til rules before redncing tliem to personal praetiM 
Wi> caunot fii the precis© qoantily of food reqaired to Ins cousumed. 
Wliere men we dealt with Bysteiuntically ia large Diimb«iB, an tlw 
iuniutM of huapit-als, Boldiem, &o., it becomes necesaarjr to esUblUt 
diet scales, tliat is, to apportlou to eAoh person hie doe ftllowano* at 
fog^ by weight and measure. The following is the dial scale of tht 
V. S. Kavy: Three day* in Uiewetk ; — pork, 16 ojs.; bwuui or pHi^ 
T ox. ; hisonit, 14 ux. ; picldes or cranberries, 1 oz. ; engor. 2 o& ; ta% 
j ox. ;=40} 01. 7W dayi in the week ;— beef, IS ox. ; floor, 8 (Mki 
dried ftuit, 4 oz. ; hisriiit, 14 ox. ; t«B aod sugar, 3| ot. ; pickka «r 
crtmberrtee, 1 ob.;=46J oi. Ttoo day* in the wee*; — bee^ 18 ot.\ 
rice, 8 oz, ; butter, S ot. ; cbeMe, S ot. ; biscoit, 14 oi;. ; t«a and 
HDgar, 3} 09S. ; pioklea or oraDberrieB, I az.=4J}j oz. These nnmbers 
are valuable aa near expressions of the wants of large bodiea of dmd, 
under given RircnmsUiDcea ; but thejr are of small serFioe as dietotinJ 
guides to individuftle. 

7Se. Bcs«Utbig the Appcdte.— We ore left, therefore, in tlua matter 
01 iLircly to ludividual discretion. ' Nature's g^ide is tlie appetite, but 
wo mast be cnutions not to misinterprul its indications. In what 
hntiger exactly consists we caonot t«lL Bat the feeling seem* la 
depend less Dpon the Immediate stal« of tLe stotuacfa (in respect of 
fulness or emptiness], than apoa conditions of the general sjstcnt. 
Hence the swallowing of food, al though an immediate relief of hnn^^, 
does not at once cxtiDgaieh the appetite. If ther^ore we eat elowlj, 
proloogiiig the meal with deliberate and thorough masIJcatioD (<I84>, 
tiine is given for the system to become oonscioos, as it were, of the 
progress of the supply, while the sense of quiescent eadafaotion indi< 
eate!i that sufficient food has been taken, and that we should omm 
catiug. If, on the other band, we neglect these mooitioos, bolting ihe 
alimentary maaa, and driving on to repletion, we incur the doable 
evil of over-eatiDgr b"'' °^ taking our food in a cmde, half-pre|^ 
state. To obtain that command of appetite which shall ^ublo o 
abstain before we roach satiety, is every way most desirable, b 
a means of preserving health, and of r^iunlng it when loat. 

TUT. FTsqiHC)' and HiHa ef Eatlag. — Syslematjo r 
order of natnre, observeil every whore, alike in the timing of n 
diuiis sounds, Uie Thjthmio beats of the heari., the measured rcspln 
tiM coining and going of light, the ooeao's ebb and dow, seaaoual n 
liitioiiB and planetary periodicities. The arrangement of regular tiu 
fur meals, hormonizss, therefore, with the ouiverBal policy of natun, 
and ts, moreover, of the highest aooial oonveoienoe. T<t it ii iinpaa* 
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) to m^'ect all lo tlie eume t«g:nlationB of time. Dr. Oomi r«- 
ks: "The grand rule in fixing the Dumbcir and periods of oar 
l« is, to proportion tliein to the real waa\M of the STBtein, as modi- 
by age, iex, h«a]th, aud mumer of life, and as indicated bj the 
tone recoras of ftppetitc." Ae tlie blood ie unmll; moet unpoveriabed 
lifter tlie eight or lea honre' faat of ttis nigLt, brcak&st ahonid be 
'ly (TOS). llie stuinacli is nsaallf vetoed of its untritiTe oontonts 
lo about foDr houm after oatinii, bnt it niay be an Lonr or two later 
baforo the blood b^ins to c*Il opon it for a renewed snpply. PorBona 
.Mlgaged in active lubor, in wliich l>odilj expenditure is rapid, of oonrse 
izeqairo to eat more otten Ui&n tbe jndoleat and tbe sedentary ; aod 
tohildren need Dourishment oftener than adults. Bat too long abatl- 
aanoe, eapeoially if tbe digeeUve power be not strong, aharpeus the 
^tpetiUi, eo that there arises danger of eicewve eating. Seme avoid 
?lieon for fear of 'sjKiiUog the dinner,' wlisreos the thing they 
BOBt need la to have it spoiled. Where the Intervala J)etwoen the 
weals ore bo long as to produce proasing hunger, something should be 
between them to stay the appetite and pruvent over-eating. 
■jMt« and hearly snppers are to be reprobated. Active digo»tioa and 
.rieep mntnally disturb each other, na at niglit the exhalntiou of car- 
>nlo acid la slowest, and tissue changed mo^ retarded, the ovurluaded 
not relieved, and invades the repose of the brain, producing 
ivy, dtaordcrod dreains, and nightmare, followed by headaolio and 
minor in the nlomiog. Still there is tbe opposite extreme, of uC- 
,41iig np late, and going to bed wearied, hungry, aud with an ' indo- 
tftiable aenso of sinking,' followed by restlew, uorelrc»bing sleep. A 
iHttlo liglit Doiirishmanl in euoh casea, may prevent tlieee anpleawLM 
vBeeta. Oustom htw flzad the daily number of meals at from throe to 
iflve; probably three is tlie aoialleet namlier that consiHis with woU- 
ilDataincd vigor of the systein; four or five may be nniibjecliouablo, 
itte amount of nonrishment taken finch time liuing less. The rasential 
thing l^ regubrity in each case, in order that the digeative glauda uiay 
prepare their eoerctiona (lUl). 

Mat* Hesli. — Wv sliuuld nut take our inHshi when tired 

■Mti or much fatigued. The stoinaob panlcipnies wllh the other parta 

■«f the aystein in tlie eihanstion, and is thna unfitted for the perform* 

V of ita proper and anUvo daUea. If there has been severe exet^ 

I, either of body or mind, a shurr interval should be allowed for 

>np(«B, or lialr an hour may bo appropriated to any liglit occupation, 

IS dressing, before sitting down tu dinner. It is queatiouablo if 

eien^ before breakfiwl be geaenlly proper. Wheaweriwii 
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tL« open klr M^<tf« 

fjiiit4rlj xbori; I^AM lo be i&ctod 

by ft fy>i&for:A^l« ttrilrfMr CaH 

whicb e*r]j exerciie bM p ro dB Ccd bo i^fnioai wto pcrh ^M era 

the A'iritrarj. Ye: in moss fiKtnfw, wpwiftllT if the eonstitatioB be 

fKit htronjE, bre&kfiui iboicUi foDov diottij after risng and drenng^ 

Ufure heriouA Uaks are attwnplfid Dr. CoiaB JneUj obMrrea, that 

in *' U>arding pchoole for the young and groving, who reqoire plenty 

nf HiiHU;niui(*c, and are often obliged to rue ea^, an earlj hreakiut k 

filriKMt on indififienflable condition of health." 

WJ. Mate af llai 4artag Hcalb— We hare before seen how nwntal 

mid iifiHHi(»iiul excitement disturb appetite and digestion (685). The 

bruin nnd Htoinucli are profoundly sympathetic. Morbid states of the 

Htfuimrli often ho disturb the brain as to throw a pall of ^oom over 

tbo iiiindf or dontroy its equanimity, as we often see in dyspeptics, 

wliilo any nionUil IcnHion or discord interrupts the gastric fhncdona. 

ImmmI liiiM Ikh'U rijected from the stomach, unaltered, several hoars 

nOiT i( wiiM tnlicii, under the dread of an impending surgical epera- 

tiiui. 1 >iirin»; mvi\\^ therefore, every thing like intense mental exercbe 

nhiMild Ih« Hvoidt'd, yet the mind ought to be lightly occupied, as in 

ohoiMiut, oxhilarHtiiif; conversation upon passing topics. A flow of 

apii^ltdv or H|Hir(ivo tjdk, that may agreeably engage the attention, 

niid limn protrnot (ho inoal, is not only most pleasant at table, but ifl 

of Holiil )ib vriio1o};ioal SiTvico. Tliis explains an observation of Dr.- 

t'liAMiuKs. ** li is \Vry i^oinmon to hear bachelors complmn that when 

\\w\ s\\\w in ooiu|mnY« thoir dinner gives them no trouble; they swal- 

1o^\ rtM ^\y\» of' iiupnuloiit fiKxl, and feel no more of it, while a soli- 

1 n\ iuo:(l :ii ihoir c\\\\\ ou tho ]>lainest moat, is digested with di£B- 

'. . 1^ K\fitl«« aftrr Xealk —When any portion of the body is strongly 
o\o«N^ ,s1. \\w x^\\Ai> i^\>x<^\\\ is tAXixl to sustain it There is an unu- 
«ti*V. ii, i««Mv.M'. ifMu t^f Mtvvl to tho oxoitod part, with, of course, acor- 
i>«',r«"''<-\*: «K'-.:i :oro\ in oihor |>arti^ Tho case of the two dogs is weQ 
K«> \« .. :•,•■') ot ^\ h;, '!) \\m\ tciVon a hoorty meoL one being then leftst 
\v<> ■••^,1 I*-,' ,M*.x". yvA v.jvn tho oKtso. iVftor a short time they were 
i^or\ K t'.Ns' ^ );o:\ r.-}^w<ix\u « AS found for advanced in the one at resti 
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While it WH not oren began iu tjio othur. Tfae vital force rcqnired to 
promote digestion was diverted entirely to tbe mnsonlnr nod norvons 
■jHtcmB. There is some confliot of opinion as respects tlie propriety 
or ciOToiso after a hearty meal, snch oa dinnor. Dr. Beaumont says, 
" From namerons trials, I am p«rsna6ed that modernw exercise con- 
duces ooundorHbly to healthy and rapid digeBtion. The discovory was 
tlie result of accident, and contrary to preconceived opinions." Dr. 
CoKBs, on tlie other hand, observes "that aotive exercise immediately 
ftfUr a (tall meal, sach as ia generally taken for dinner, is prtjudidnl to 
its digestion, seems to be proved by dally und noeqni vocal oxpeH- 
«nco." We oonclode that physiological indications, the widest expfr- 
lioDce, and the analogies of nature, ooncnr to saggest rest for a time, 
n very gentle exerdse, as most advisable.* There U clearly a de- 
pression of tbe general fonetiona of the body, with a tendency to slug- 
gishness and repose. Inclination to rest after eating, eeeuis to bo a ani- 
Tcrsal instinct of tlie sulmAl kingdom. To tliose who ore drowsy and 
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SbnDldsn OittM ind mon trccl Uiu wbsii wilklng. Tli* utlil'i modnl gtlilrDllr liM 
1h* lonii flllod vllb Mr, ud ths dl^iliriKin M rut, h Ult ftlU f\tj it glicD U> tbs alu- 
tte mtU^pM of Ikc Fib*. Thamuli AiUIbs ddI hi* word* rMlIf cion. ■■ CituEa hu 
II, Runrurtalilf to liliq^K kDd igrceMlf lo bla lumn. OtHrvo u ■ eanlnui duuj * 
tLoiaia ruJn-DTontir: bta saulniliwi] ■lUlnil* neiUi ittbarlbe mliLtiieturkl Inmn- 
fmlllH of OoMb art, «pnHli« perhapi, tha MinntooB ud Hlf-dcDiil wtalDh llul 
■tjtdnijr bilMid tnlndloiM, bul««rlalnl; not wlwlnoma uh. The bead li IwDttui* 
inrd. ■ (tur mwk-olotb winiiNiHa Ibt wlndplIM, Iba Ibbci are ompticd, and lbs wurd) 
■raaqsauad anl bj an aflnrt of Iha (tlaphngm aid it«laia1iul rauadaa, wlilcb luakia (ba 

tttianllit Uane*, raadLni and pnanblnc, tut^ad of baloj; a nUef lo saacrlD daraoi:*' 
auili aia noiHdiji (iiiiuid artnallr to produr* IL Tbe flcrrfTiaan^ aora ibraat and 
tftftiU bava oAaa baaa Iraead to Ibali praftadonal irork. ud Ibat wblcb nil|hl ban 
Wa • BUN b« bMoma »B annvaUm. TbaivwM.Miiu pan afo, aquokla (baUa 
•f WLgbl, nba Baad 10 Inal dntrnan varj lotaawfuHy, odar ■ pnalwof Honqr. 
nil nuthud wu lUDpIr to Uiell Itacm lo fcHp tba Ibial Inflatad, hj bnatblnl la Balj 
thronib tba bom, and to ajlev II la Brnptj ttaatf b^ tba ataittailr ol tba cnUliau aatba 
fMlaal apota. TbU pUa aatalla Ua babll of atnlfbUatag lb* vlndplpa, 41Ubi oc 
Sludlas DpHtbtiatid tbnwiBttlu abouMan baokj iBlbet. of tiBBUilBf llio atutud* 
wUohlhandiaeribodBaaDMtfallbTlbaraadai.aBdbAirlbatRMniftiaBd pnrtloallr 
taarlUaL If ^IIaBta«*Briaftlb*r poMMaa pulof IbaMaUnaMadlna Tgrr valuabla 
t* tbalr dtfMIOO. Thar will Mldom raqnlra iba Mate abot* (Inv. Ibr moat iMdll^ 
■Mtan bin (band Uw » umlly flir tMblat On If puplla a wBonal aUltnda. and UwM- 
flnarj' Uma IW •undalDc Iha art la Iho hour atlur lb* noal thai mul toqnlna aW*«thi> 
n la (trlkl^ bow nraljr pomrfBl alapn ■sfftt ttoai (aitric duw^gotsBL*— (Di, CKUt 
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tDdined b) take tlieir mMto, or After-diDiier nap, ire tn^ so^eet 11 
It is betUr to Bleep upright in a duur than to repose on a w& or b 
In the foTtaer poatioti tlie aleep b geaerBlSjebort, and never verjf p 
found; but when the whole body b recnmbent and tli« el 
the deep is heavy, prolonged, and anrefreahing. 

771. EftOt ef ExcMdre WiOmk- — The oenseqaences of d 
indul^rence of the appetite manifest theueelres varionsljr. The ii 
diale result, of otbt ■eating is lethargy, heaviness, and t«ndcQey ti> 
deep. The eSfect of persisting in the hahit will depend upon numer- 
ous drcntnstaoces. In a healthy systeni, with good digestion and 
moch active oat-of-door exerebe, bod lesolts may not fi>llow £rcim the 
freest use of plain fixid. In other condiliaaB the burden may fell npon 
the overworked dlgtctive or^Rons, which are irritated by the presence 
of the excess of food which they cannot appropriate. If digestion be 
strong, nn ercesa of notriment may be projected into the blood, over- 
loading the drcnlatioo. If food is not expended in force, the natiinil 
sltonuitiTe is its accumulation in the eyslem, iooreasing the volnmc <tf ,_ 
mnscle and tissne, and swelling the deposit of fat. Degeneracy of Si 
stmciorcs, nuJ-nssimilstiOQ of nntritaTe material, iacreased pronoat 
to derangement and diseased action, and variooa nnbeftltfay eonditjog 
may he indaoed by the habitual employmeDt of too moch food. ItH 
either transmuted into fat and flesh, or into pain and disease. 
is very common to charge npon 9Uiin(% the evils that flow from ji 
it]f in diet. Injury may spring from hearty indulgence in a rich, el 
centrated, and Tariona diet, which would not flow from the mort B 
oral use of plain and dmple food. ' Bine upon one dish, and i 
consult your taste,' ia an eicellont motto. 

7TS. UMs t lisaOhkBt Katrillea.— The blood is the stock of n 
terial on hand, from which the snpplies of the constantly wasting Si 
tern arc withdrawn, and this stock is but smalL It contains disaoltq 
only abont one-eighth of the dty matter of the body, so that tl 
strength con be anstained only a very short time withont external ai 
plies. Yet when food is withheld, life holds its ground against exta 
eiro changes. An animal doCsnot die of starvation till it lias lost ti 
fifths of iia wdght and more than a third of its heat Tet, so im' 
tatit b the prompt and regular ingestion of aliment, to keep the q 
tern up to the par of its activity, that even transient intermp^ons p ^^ 
duce serious disturbance. As the demand for noonahment b the prini^ 
necessity of oar being, taking precedence of all other needs. If tba 
supply bo EQapendcd, the clamors of the system for food rise at once 
4l>ove all ottier wants. Until hunger b appeased, there b disquiet ; the 
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Blind tr&Teraea with less ihno Sta oaoal freedom, ihe temper U mors 
'm«]j HUrted,an(l sleep fuls to invigorate as luiiaL There vosahrowd, 
practical nisdom in the warning of Curdinal Db Bktz to puliticiuu^ 
never to risk on important motion before a popular uaaenililaf^, huw- 
•vcr proper or wise it might bo, Jurt before dinnor. Of llio effects of 
faunfficient food MoLJcenorr Bpcaks aa fuUowe : " There is another in- 
■tinct by which tlie vigor of the mind fa vanquiabed in a more meliiii- 
Cboly way. Unoger desolat«9 head and heart Though the craving 
ta.' nutriment may be lessened to a anrprising de^ee dnring mental 
■seniiin, there exists nothing more hostile to the cheorfulnesa of nn 
Active, thoughtftd mind, than the doprivation (/ Uijuid and solid ftK>d. 
To the Btarving Bian e^ery presanre becomes an intolerable burden ; 
for thiiTciuoa, hnnger has effected more revolutions than thoombition 
Of di^offuetcd «nbJoct& It is not, then, the dictate of cupidity ur tlie 
tlaim of idleooH which prompts the belief in a mitnral human right 
to work and food." 

773, DM Md Iba CtpMltjr tf EiHtlML^— Tbcre ore oVils ako in the 
qipositc oxtrcnio of a too rostrictitl diet. Our strength and power of 
•ocoinplislimcut is derived from the food we conaoino, and fur high 
and ntxiained eflbrt there ia reqoired a strong and geueroos diet Wo 
cannot have something Ibr nothing. Large exertion, physical or man- 
U, involvM active physiological chiinge, and heart; eating, to suslnlu iU 
Th<t distinguiMhed and diKriminsting President of one of our largext 
collegiate institntions remarked to ns, that many atndents required to 
t)0 cuoouraged h) freer iiving. Urged to economy by limited resonrees 
Kid misled by tlio partial views of those who recommend low, nbsie- 
Ulons diet as favorable to clearness of Uiougbt, Iliey adopted a scale 
ibf nntrimont insnfficient to snstaln the powers of nature in vigorons 
•nd protrBot«d exercise^ Existence can andonbtedly be nutintuncd on 
^ very amnll amonnl of food, tmt we sic not concerned to know what 
(hat minimnm of nonrislinieint may be, as bare, t 
li no object. Life is of bnt little vtJno oic«pt in 
ll only a nun tn hu capability of oxeonting them. Ookxako, the Ve- 
•etioit, the Prince of ascetio honxM, lived tu a great age on 12 ot. of 
CmmI, ofaivlly T«geUble, per day, and 14 oz. of light wine. But he 
Plated "ft sort of vegvtable life in his palauo and gondoln," wiliiimt 
linMt or buSet, whSe a mere htwsnit b said to have carried olf two 
Dt his brothers who attempted the same style of living. " Dr, Bt*.kk, 
tf London, tried sinrilar experiment*, and got on pretty well imi long 
•■ he hod nothing to do besidoa weighing himself, bnt when lie came 
lo nndergo a contested election for St, Uoorgo's Uospitsl, it killed him 
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ontrigtat. If the bod; is to be exposed, as it is in all modem diil 
ized life, to radden extmordiiiaij demands, it mnst be prepared fuf 
them b; being babitaab^ to take id ratber more than is ordiuarilj re- 
qoired." — (Dr. CauiBEBa.) It is charged upon the Amerioass that thej 
veenonnons feeders; probably the; eat toomach; bnt where elw 
upon the glube is there moh general acti vii j, bodilj and mental I 

TTC Ot4»t nd TaiMj ta DM. — Onr nature vas made for varict;. 
The difforences of complexiDii, cast of coantenance, eipresMon and 
figure constant); pivaentod to osin the human form, are infinite. Tha 
objects nboDt as are endlcfsl; and namelessi; divenifled, a]ws;B har- 
monioas, ;et ever changing into new relations. We gather from tbit^ 
that in babits and experience, man is not designed to be the elave of a 
mocbanical routine, nor lo fall into tame and spiritless repetition. Of 
all the gystemslic degradations to which he is subject, the lowest ie 
that of the soldier, who haa taken formal leave of bis independent 
Biouhood, who Hiarts at the tap of tbe drnoi, belongs somewhere in a 
row, and Uvea onJ; to he driUed and messed at the vbitrai; dicta- 
tion of his superiors. In natnre, we behold infiexible order working 
out eternal variation ; and so in life, methodized habits ahonld give 
rise to never-ceasing diveraitiee. As respects diet, the materiala pr&- 
pared for ns, although marvellousl; simple in compodtjon and adapta- 
tion to oar needs, are wonderftdl; Tarions in form and gnstator; 
properties. We have tbe widest and freest ohoioe of means to ac- 
oompliah tbe same physiological end. Nature thus solicits as to 
etyo; tbe bount; of her resoursea, which we should wiael; do, not tempt- 
ing tbe appetite wilh a parade of cniinai; enticements, bnt restricting 
tbe dishes at each meal, and agreeabl; var;ing tbem at succeaiire 
times of eating. — Pro& Molesbott, after insisting that all food partake* 
(omewhat of the natore of a stimnlant, has tbe following obsen-: 
— "And as the uniformit; of the stimulant, even if repeated at Ion) 
intervals, is prejadical to its effects; a regular arriingement of di 
repeated certain tla;s every week, is a oostom not to be commended. 
If a stiff regnlarit; onl; too clear]; betrays a commonplace narrownesa 
of miuit, such a regular repetition become* a sonrce of peti; for- 
malism, insen^bl;, bnt all tbe more dongeronsl;, repressing tbe free 
movements of tbe mind. Whoever has watched himself with a< 
tion, will often enough have experienced how*the refreshing 
etimnlating effect of a walk is evident!; lost if taken for a 
daily at the same hour. It is the same with uniformit; in r 
and while the ancient pbysicians used aetnaHy to assert it to be 
■ometimes to throw the body ont of order, in accordanoe will 
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ioctrine, it U perfeciljr tme that an inflexible regalaritj of life u^by 
.no muaiui computibk' witli a gBOial freedom." 

775. &latudC«r|t«leM(. — The oudae awDiuQlatioD of (at is pro- 
aiot«d b; niuiy causes. Privfttloa of active eierds«, too mach iu- 
.dnlgenoe in deep, iodoleot, sedentarx, habits, and want of thought, 
obeMty; — rcfltless aniniala and IndaBtrions men are aeldom 
lacouvenleutlf fit. The free use of an oily, starchy, or aagary diet, 
faJtentDg, as also alcoholic liquors aod the abgorptlon of 
watery fluids, either by much driakiDg, frequent wann baths, or even 
IffOAthing damp sir. It is also frequently caused by defective diges- 
tion. Tboro may be waut of gastric power to manage the nitro- 

loua mattcra, the moscular fibre escaping from the utomach half 
Assolvod. As a moderate diet thus proves Insufficient, it is iosiinc- 
tivcly inoreased, and fatty bodiee, being more easily asaimilati>d than 
tixo albuuiinous, a surplus of it is lodged in the syBtem. The cxceaaiva 
Inore&se of fat must bo rogardud aa a disease, and often involveB tlie 
constitution in mnch disorder. In the truly healthy organiTatioo, 
tliere is a perfect corrcepondance in oapacily and potver, between the 
tfrculution through the luagB aud that of the geueral qrHtem (381); 
tmt where the fat deposit becomes largely increased, the eitcnsian of 
blood-TosMls to moiutain the eitra nutrition, destroys the 
Vquilibrinm ; the lung circolation is inadeijuate to its full duty, the 
aarbonic acid is not perfectly excreted, the blood becomes venous, the 
droulstion is retarded, prodncing congestion, with frequent dilatations 

' degenerations of the heart. The diet best Gtted for corputeuoy, 
4i that containing the least oil, starch, or sugar. Very light meals 
be taken at times most favorable to rapid digestion, and sliould 
toiiMst of substoDoes easy of solution and ostimilatiun. Tlie time of 
BMsls should be fixed at an ooriy hour in the doyt before exertion has 
Mndured the powers of tli« alinHUtory eonol hingnid. Jtreokfast 
■boold consist of dry toast, or still better, of seK-bisonit, and if much 
■etive eiercise la inlontlod, a piece of Icon ineoL Dinner at oue, on 
Vteat with the fat out oS, stale bread or biscuit, and some plain boiled 
gtocnianl or biscuit pudding by way of a second ounmo. — (Dr. L'lUii- 
,) Loan meat is a good diet for the aspirant after leanness; — 
'ttrnivorous animals are never oorpuleut. In eonncction with proper 
diel, vigorous and systematic cseroise is ettiootial. SuiuelimcB tberfl b 
■n aeouiDuhitiiin of fat, where the aniouat of aliment taken is leas than 
natural. Boch cases ore dlfBcnlt to remedy by oxerciset as the 
foantily uf food token is loo small ta sustain mnsoular strength. 

770. UMaf iBflutj— Wehar« stated that nature prascribw Uw 
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(n&nt's diet ta Uio oompodUon of iu mother's milk ; but natore b 
eomeduiM defeated in her intootion, oa the mother's diet ooutrob lh« 
initk-«ecretion both in qutuititj nod qnoUt;. if her food be gcaatj, or 
low uid li){ht, the infant will bo imperfectt; nonrisbed. Tbe belie 
Moretioa re<|airea to ooatain i^ doe proportioii of caaeio, HUgar, oil, 
■Dd [ihoaphato of lime; and to produce these oupiooElf, a riried 
nntritiooe diet of good bread, meat, milk, eggs, ixod potatoes, is re- 
quired. The aliment which the motber furnishes to her.child ia mora 
richl}r miu-iiive than that which she letuns for her own nonriahmeiU. 
6he Blioiild avoid indigetitible Babstonoes, and especiall; take but 
little vinegar or acid froita, as these both diminiBh the amoont of milk 
•nd render what tbtire is leas nntritions. The ntumng mother maj 
with great advantage make free nse of milk iUel( as it fornishes, read? 
formed, the substaacea ehe is required to impart. Should there be 
tendenof to acidity, it mnj be corrected by njicing the milk witl 
mild alkali, enoh as one-fonrth or one-&'th of iU balk of aodn w 
It beoomee often necossarj that children shonld be sorrendered U 
nana. As the composition and couscqnent physiological etferM d 
milk gradnall; cCan^ in the successive months after tU« child's birth. 
It is important that tlie ages of tbe children, both of the muiher and 
wel-nurse, should be as nearly as poaaibie tho eaoie. That nature, 
temper, and ohoracter ore commiuuc4t«d by her milk, fi«ro the 
mother to the nursing child, is not on idle prtyndioe, Kot onl; do 
bodily uironniabtnces of health affi^ot the luetic eecretioo, but c 
ditioDs of Iho mind and pnseioue also. A paroxysm of anger i 
pervert and even jiuisuu the fountain of life ; " and there ie 
more nataral, than that on the breast of ita mother the 
imbibe together with its milk, her nobleness of mind." When. ( 
exigency oecurs;, therefore, tbe seleetiou of wet-nurses is a 
muoli importance. If they have been occnstomcd loplidn, a 
diet, it b highly unwise to pamper them willi delieaciee, as is s 
times done m affinent families, indigestion and bad bodily cooditif 
being very liable to ensue. A^ iijsjiect^ the asa of spirits under d 
dronmstances, Dr. OauintRa, hhnself no advocate of sbstineo 
the following reniaiks. "Kumug women are desired to drink aad 
ttsnol quantity of porter, wine, bitters, and what not, till they | 
bloated, thick-oomplejcioned, stupid, and dyspoplde. The r 
this ia, that alcohol and other ingredienta, in enob a diet, arrest D 
morjihusis, detain in tbe system the seeretions we wont to flow Q 
and fill those which do ikiw out with eSbte matter. If tha ( 
■titntion of the mother is robust enough to stand this bad n 
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•nd «tUl Mffurd Uie duo qiuutnm of milk for her oliijd, ;et Uut 
be of Inferior qmility to what she olherwiso wonid have 
Biado, aud the iiiiiooeiit co[UQmer solTers." Tho milk of tlio oow 
4ifl'uri) §0 considerahl; from that of the mother, that it flhould be 
florrected if it Ir to be ^Tes to the In&ot. This is done bj oddbig 
• tiiinl or a fonrtli of wat«r, and aboat l'25th its weight of refiued 
■agar; it ^onld be varued to the temperalore uf Iha bod;, 68°. 
h> this, solid Bubet^Dres ma; be gradnolly added, M vhoaten bread 
lioUod farina (445), but not arrowroot, tapioca, sago, or rice, 
npon which man; children are fed to death. ThoM are not oompluto 
Butrimenta, and aretDrapabldof fromotiag the growth of either bonoe 
llosh (746). Even after weaning, soft mixtures of guod bread 
With milk and mgar, or with the juices of meat; also the more 
teadil; digeetiblo roots and vegetables, together with soiips prepared 
|h>ni the meat of ;onng animals, ma; bo ouueidored the best food. 

■ Llio tvotli arc cut, meat and bread in their simple form mny alio 
to given. Aliments difficult of digcetioo, fat moat, heov; broad, rich 
gantry, nuripe frnit, U'ttuiniuons eeeds^ and L«ating uoudiuientd 
Mrefull; to lie avoided for childreD. 

TTT. DIM ef CkUlwal urf Teatlb— Besides the maintonauce of a(y 
ilvitj. the diet of this period must be anoh b» to harden, strengthen, 
tnd expand the sfstem. I'be mvscles Increase ia fibrin and flnuneiH, 

<e are developed and ctrenj^ened, and tlie gelatinons niMlcl uf the 
bonea is lolidllied and enliirged into a Strang skcletoD by the gradual 
deposit of iHine-^ortb. With Uieee ohangea there is also a alowl; aug- 
menting nrtivit; of bodil; transformation, the excretion of mrbonio 

h; the lungs, and of area b; the kidneys, inoreaaing in amonat 
•p to the tweaty-fiflli or thirtieth year. The demand fur food is 

fore more peremptory during the growing time of youLli tlinn 
•t any portion of sabeeqaent life. As rc^pirds the indulgenoe of the 
•]>petite at this period, perhaps Liiere is no botl«r guide than Uiu indi- 
Wtions of nature. So ehildron hare plain food, if healthy and arlivo, 
ttiey will hardl; eat sufficient to injure, themselves. It ia not riglil to 
ibjeet the ;ouii|r to a regimen adjusted to the adult; the; reqtnru 
ore nnlritiotu ft>od, and to eatist'; tlio appetite ottener. tkiToetliing 
4e cat in mid-forunuon and mid-allernoon will ut^n be nectvwBry, lint 
Itie tLing shonld be dene strictly ii|>un system, as tlie habit of eating ' 
feTegnlar!;, at eTory eapricioas call of appetite, is wrong and iiOurinus. 
Set, though the diet uf youth ahould be autritire nftd strsngth- 
l(n|>arting, it is of tlie flnt neeenHity tbnt it sLunld be plain and uue:x- 
.<lt)ng. Luxurlon* allmiioting ftrad, chtrgod with condimeuts and 
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uerve-prciTDoativea, gives riso to a morbid preoority of ioatind^ 
thougbts ail^ actions, and helps lo explain tlie nnbealtbj^ promBturitj, 
the elender fignrea and pale fiut«e of boys tuid girla bronght Qp in 
towns. 

778. Diet of mm* UTe.— When matnrit; has been reached, 
comes a poriod, varjiug in daratloD, but extending perhaps frotn 
ages of 35 to 46, in wliich the bodily eichiuiges ore in equilibi 
the expenses and receipts of nntritioa are balanced, and Uie indiridul 
neither gajaa nor loses weight. No portion of the food is now to be 
appropriated as heretofore in growth ; it may all be devoted to exer- 
tion. It is the t3me of tnoxiuiutn power, the efiective working period 
of life. The diet should be varied and strong, but of coarse ought to 
be modified in accordance with the activity, constitallon and varioiB 
circarastances. For bard, exhaQsticg labor, brown or lean meat, the 
legTiminouB seeds, bread, and an admixture of vegetables may be 
ployed. It can hardly be neocasary to add in the light of the pi 
pl^ of natrition which have l>e«n establtshed, that fat pork is 
eraUy much over-estimated by laborers; it is the blood-prodi 
beans aad bread with whic:h it is always associated tbat chiefly im- 
parts the strength. It has been sufficiently pointed oat that persons 
in light sedentary occupations, braiu-workere and idlers, shotild avoid 
those more indigestible substance?, and while reining in the appetite, o( 
at all events, not spurring it, should live npon a diet of the most 
digestible substances;. 

77Q. Met ef Adiueed Ult. — As age oomes on, the nutritive cooSi- 
tions of yoatbbood are reversed, tlie body can no longer digest and 
appropriate sufficient to meet its dcstmctive losses, and there b i 
decrease of strength and weight. The tissues shrink, as we see in tht 
ehrivelled hands and wrinkled brow, the hair is changed in compo* 
sition, tlio bones become more earthy and brittle, the cartilages 
there is a general diminution of fat, and a loss of i 
except the brain, which becomes more watery. The atoniacli parti<£-- 
pates in the general decline, its diminished and weakened juices be- 
coming less capable of dissolving the necessai'y food ; the oiKnlatien 
is retarded, and the general vitality lowered. As the solvent powers 
of the stomach be^n to be enfeebled, and the appetite becomes langnid, 
elderly people should bo admoaiabed to eiercise care in selecting food, 
and not waste the power they have on refractory indigeatilild aliments. 
Young and tender meats, strong broths, milk, light, well-baked bi 

" tender succulent vegetobles, tax the digeetive organs least. 
■honld they oommit the error of supposing that the waoiug poi 
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of adTinoiiig life can be sost^ed by increaring the quantity of food 
eaten. Dr. Cbstnx remarked more than a hundred years ago^ 
^ Every man after fifty onght to begin to lessen the quantity of hia 
aliment ; and if he would avoid great and dangerous distempers, and 
preserve his senses and faculties dear to the last, he should go on 
every seven years abating gradually." When hints like these are 
neglected, and persons persist in a high and hearty diet, keeping up a 
plethoric state of the system, serious and fatal consequences often 
ensue. The blood-vessels of the brain are not only weaker than those 
of any other part of the body, but they derive no support as other 
vessels do from the elastic pressure of surrounding muscles. In the 
imperfect nutrition and growing debility of advancing age, these vea 
eels participate, so that with over-fulness there arises liability of theiz 
giving way, as in brain congestion or apoplexy. 
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I.— PRINCIPAL CLEANSING AaSNTS. 

m 

780. Chealcal Pitedptai liTtlf«4»— Dirt has been laoonioallj defined 
as ' matter in the wrong place ' ; its remoTal constitutes ' cleansing.* 
The action of cleansing agents, and the management of cleansing pro- 
cesses, depend upon the properties of solvents and the operations ct 
solution and decomposition, and therefore inyolve questions of chemis- 
try. Wo have had frequent occasion, in the preceding pages, for the 
aid of tlus science in elucidating the phenomena of the household, and 
wo shall none the less need a knowledge of it to understand the pres- 
ent subject The considerable spaco given to aliments makes it neces- 
sary to restrict our treatment of this topic within narrow limits. 

781. Water as a aeansing igeat— This is the most important and 
universal of the agents of purification employed by art. It is so essen- 
tial to life, that where man dwells it is always found, and is supplied 
by the hand of nature with a copiousness equal to its necessity and 
value. Water cleanses by its mechanical action in carrying away dirt 
and impurities, and also by its power of dissolving them. While it 
possesses the property of dissolving a great number of substances, it 
is at the same time so mild and neutral as not to iiyure the objects to 
which it may be applied. 

782. deanslng of Water. — But before water can be used for cleansing 
purposes, it may tV^e?/* require to bo cleansed. We have already stated 
that it is liable to many forms of impurity. It is often desirable to 
remove these contaminations by artificial means, and thus make the 
[iquid purer, which may be done in various ways. The foreign sub- 
stances of water are of two kinds ; Jirat, finely divided earthy matters, 
as sand, clay, lime, &c., and particles of vegetable and animal sub- 
stances, as of decayed leaves, decomposing wood, insects, &c.^ diffused 
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IhroQgb tlie liquid lud mechanically siupcnded in it, causing it to 
appear more or. lew turbid or cioady ; and leamd, TOrloim ditohti 
Rbstanoes whieh coataniinate the water, wliile it m yet clear to the 
eye and apparmtly pore. 

TS8. PvUtstlM bj SikaUMM.— The flntt sort, or meeltfi^oal impn- 
ritiea, ir the water is kept perfectly still, will mostly aabride, forming 
•ediment; the heavier particles falling tint, and the finer afterward. 
It ia wi««ly arranged that there are bat few aabstanceB of oiactly 
the same ipeoitie gravity sa water; if there were, this fluid would 
tcarcoly erer be clear. Bat there are many partioles wiiioli find their 
way into water that ore so near ita precise weight, that tliey remain 
long sniiponded, and hence we must resort to other means for their 
removal. 

7S4. PuUttUea \i iUttilici— Water Btriuocd or leached throngh 
\ nib and aand-beds oomos out free from meohanical ooiitaii4naUoDS ; 
fwioe if made to percolate throngh artificial sand-beda, it may be io- 
\ Uvered clear. A cistern may be divided into two compartmenta by a 
i (MrtitioQ wliich does not reach quite to the bottom. In on« of tlie 
I diviuoiis in put layers of sand, of different degreea of ooarseueati, the 
[ Anest being at the bottom. The water is ponre'l Into those aparu 
t, trickles through tlie layer*, its impnnLies ore detained, and it 
B out into tlie other division dear. Alter a time the auud gnta 
k-cb^ged with aediment, and needs to be renewed. 

1. Epirard Uw tt Water tkreigfe FUlen.— Through nature's filter^ 
beds water ateendt, iMng to the surface in 
■pringa, ^bo. This ia better, aa their weight _ 
lands tu oppose tlia aacant of the ii^por 
' • which are more likely to be left behind. I 
rjlie orrungemcnt may be imulo available I 
Bmouy ways; the prindple is tUustrtitiMl I 
B Fig. 13i. In the ci«lom or veaael llie I 
} fvlition a doee not rcncb quite to the bot- 

The middle diviaioti haa a [Ktrforatiil bottom of nictal or wood, 
D which id placed a layer of aand, and iipou thnt u tayur uf obor- 
In tbif partition £, and abovo the filtor. in an A|ierlnre through 
[ which UiefUlored water paasea, and tidrawnotTbytbefaocel, Wliere 
L nin water is to Im pnwervad fur honsebold use (B80>, an nndergronnd 
I Miiient tank should be ooDatmetcd to More It, and a filter similar to il 
p one dcws-ibed ploood obova, throngh which the watM from (he roof 
I ^uld flow to the reaer^-mr, Flllan may be cleansed by revendng tha 
LttraotioD of the water ihran^ tbam. The prindple of flltntlon tt 
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M dmpls tliat 007 vesiel can be made to answer for i^ tall ones bdng 
preferable to sballoir. A box, cask, jar, or flower-pot tnaj, with tbt 
least fugennitj, be made to serve tbe parpoee. Besides aand, porom 
etooe, poDDded glass, woollen oEotha doabled thioklj, sponge, 
are naod for ^luring. But bj far the most valoable agent for Lbo 
pose is ckarooaL Its panning action goes macb farther thaa 
straining uut mecbanind impuidesi it acts powerfdilj to absorb 
destroy offensive gases (8U>. The fonleat ditch water made to pass 
p>ruQgh a lajer of oLarooal, comes ont sweet, clear, and bright. Ani- 
ma] charcoal, derived irom burnt bones, is more poworfol than wood 
liharooBl, owing, perhaps, to the fact that ita mineral matter acta ae a 
divisor, separating the particlos and espoeing a larger anrfaosL 

TBG. lapuiaei la Salatlaa.~Bat the dissolved impurities of watet 
oannot be removed hj filtering ; it is more difficult to separate these. 
Sj vaporiiing^ water leavce its impurities behind. Steam oondncted 
awaj and condensed in a 8eparat« veeael, produces distilled 
which is its purest form. A tube of copper, glass, or gntta- 
oonnected with the spont of a tea-kettle, and snrroonded b; 
kept satorated witli cold water, aSbrds a rode but couvenienl 
of prepaiing the purest water. Tbe removal of disaolved impni 
by other means depends upon the special nature of the dissolved 
stance. Thos, carbonate of lime or limestone, is dissolved 
small degree by pore water, hnt wolef oontuning carbonic acid 
solves it freely, in proportion to the mnoont of the conluned gas. 
baa been foond that one gallon (70,000 grains) of pure water will 
di^olve mora than two grains of carbonate of lime. But by the 
dition of carbonic acid, it acquires tbe power of dissolving 10, 20^ 
GO grains, as the case may be. Tbe somber of grains contained 
a gallon has been adopted to express the ^degret ^ hardnett;' Hioa, 
lOgriuns woold correspond to 10 degrees of hardness, SO grauis to 20 
degrees, and so 00. By boiling, the carbonic acid is driven oS, tha 
cartionBte of lime precipitates or falls, and the water is softened, 
is the sourije of the thick fur which gradoally accnmolales on tl 
ner enrface of tea-kettJes in limy districts. Bat all the oarbonatft: 
not at once precipitated when tlie water is raised to boiling 
indeed, take two or three hom^ of brisk boiling to separate all the 
lime that is capable of being thus removed. It has been found that 
water of 11 degrees of hordnei^ lost two degrees when merely made 
to boil ; boiling for fi ve minnles reduced the hardness to 6 d^rece, and 
for a quarter of an iiour to a little more than four degrees. There it, 
therefore, reason in the anUqnated habit of letting the tu-kettle boil 
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(or Boine time before Iho tea U mode ; it softens tlie water (633). Wo 
taay reliere water of oiio imporitj b; oddiog acuUier, and Ibo oi- 
clioDge is atuu desirable, ae when ve wish lo cocvert bard water into 
suft. If wator be hard from carbonate of lime, the addition of a tttUc 
canslio lisio (wet to tlio conaistence of criuuu) will absorb the exDeaa 
uf corbonio acid, and tbe insoluble carbonate will separate; the dan- 
ginr is that there will be on ezoesa of canotio lime,' to that the softened 
water will be cotroeire. If water be hard from Bulphate of lime, it '» 
softened by the addition of potash, or soda, which decomposes the Iline 
compound uombioinf; with its sulpUurio acid. The new compoonil 
is not decomposed bj soap (704). 

T8T. itkaOu SaMutM fw Oukulai:. — But there are roany aub- 
stances apon which water will not act; utlior agents must thenafore 
bo caUed in to ud It. The alkalies, jHitoah, soda, and ammonia, aro 
inuet pawerfol chemical l>odIes, decunipoatug a great luauy dilTorvnt 
compounds, especial]; every tiling of a vegetable and animal nature. 
But they ore far too strong for ordinary nse, as tliey not only remoTO 
dirt and impurities, but corrode and il^are the fiibrics or objucls which 
it is desired to cleanse. The alkalies, when piire, fi-om tbeir hot, cor- 
rodvc, disorganizing natnre, ore called eauitie. But we do not meet 
with pure alkalies ; the ever-present carbooio acid of the lur uombUita 
with them, forming carbonates. But as the carbonic b a very weak 
acid, it only neutralizes them in s partial degree, ttieir oarbonatra bo- 
ing very powerfully alkaline. Wlien the alkalies are commonly Hfiokvo 
of, it is their earbonatet Uiat ore meant. The alkaline carbonaU« dis- 
solve rcoilily in water, forming ley. Sudu is of a weaker nature than 
{Kitasli, less liable te ii^oro, and therefore bettor fitted for detorgenl 
iu>eB. Ammonia is on alkaline gaa, called tbe toWiI« oUali ; it b 
oilaptod for nse in all casee where a gasooua alknlino agent is required. 
Ill common form, however, is agwt-ammonia, or •olatiun in water, 
which absorbs a large amount of it. 

im. Tbe UkaBci M>iBt < gw >. Alkali is the prineipal agent of 
cIcnnMng in most domestio operations, the chief 'jOMtion being how 
lo rcetrain and regulate its power. Soap is on artificial componnd of 
alkali with the adds of oil or Eat (I9C), by which Hits otkaliue energy 
is to any reqnired dogree masked or sahdued. The tlieory of k>«{>- 
moking (MjMinvtAifiot) is, that the alkalies deconipuM tbe Uls, setting 
free their banc part or glycerin, which is loil, and combining with 
other acids, fumis alkaline salts ; woap is therefore really > salt. 

780. Hew Smp Is ntO,— The olkuliua ruiinire to be in a oanslit 
■tato, which is produced by diseolving them and paasing the aotutiou 
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(lej) Oiroii^ aewif 
aeld. 80^ WMj b< mads hf Ifce iIHUm i« flrfr mmMtkm ei qataiP 
ste^bstJnitioftrMtlie dkai ii MilnBMi ly Ai cnteoie mU^ Ik 
beoomct iwelaM Cor wini iMJip^ b Atamfe kj Iha iite mn 
booed, their giTWrm teMtfre^ni A» iitj adUi iwl i M i ^ w llfc 
tbeaUEtliytemeo^ wUdiCiMiaianteiQB fBOsvstar. Idob- 
tain it in m aolid forn^ the flolirtioB k boOei dtfvm Id a MTteiii dipM 
of oMMxntntioni, when tho ao^ceantoha nUk^ lai rim to &• 
ioriaoeiiimeoft^halfiiMltedMatflL lldibeipgdnimoffialoaoaid^ 
eookiaiidlbniishttdfloap. If aoda kj ii vndi the 
•rated from the water, in wbidi it k dkwifwl, lij aUfaig 
nlty which forms a hrina and at oooe iwngnktoa the aoapu If 
l^knaed, the addition cf aalt deeompeacaftopotaJi apaftandfcnDi 
a Boap of soda.— ((7Zait4afft tf CTiiiftf.) 

190. Hariaai fcft Jaap Ouaiwara'thaa cf two Undu^* hard aad 
eoft, this eondition being iBllnenoed both bj the ftt and alkafi eaft* 
plojed. The firmer and luuder the fiit^ the sdider will be the result- 
ing soap. With the same alkali, therafore^ tallow will make a harder 
soap than palm or olive oil, and stearic add than oleic add. Bat the 
consistence of soaps depends far more npon the alkali employed. Pot- 
ash is verj deliquescent, that is, has a strong attraction for water, so 
tliat when exposed it will absorb it from the air and mn down into a 
fluid or semi-fluid state. The potash retains this water in the condi- 
tion of soap, so that potash soaps are always liquid and soft. The 
hard soaps, therefore, all contain soda, those with tallow or stearic add 
being the hardest. Potash soaps will not dry, but retain thdr soft, 
Jelly-like condition, while some kinds of soda soap become so hard by 
drying that at last they can be pulyerized. 

Y91. Water k S eapt Soap has a strong attraction for water, and 
may retain from 50 to 60 per cent, of it, and still remain in the solid 
state. Even when dry and hard, it holds from 25 to 80 per cent of 
water. The customer is therefore interested to purchase old, dry 
soap, while the vender of course fliids his advantage in selling it with 
as largo on amount of water as possible ; and hence often keeps it in 
damp celhirs, in m atmosphere saturated with moisture, to prevent it 
from drying. The quantity of water contained in a sample is easily 
determined, by cutting the soap into thin slices, weighing, and drying 
at a temperature not exceeding 212''. It is impossible, however, in 
this way, to separate all its water. Its proportion of water influences 
the solubility of soap. Some dissolve so freely in washing as to waste 
rapidly when used, while others possess the opposite qfoahty — as^ for 
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■ teample, "the small cal>ia moss uf white, waxy, slnbbom sabHtaneo, 

H genurnU? Diet with od the washiag stimda of ticdroouia in hotels, and 

H ttliich, for an inde^ito period, passes on from traveller t« trarellor, 

H Moh in torn nniuocegsfaUy Bllemptiun, 1>J varionB moncciivrM, and 

H ttrerse cnnuing inimorMUDg in wnter, to ooaz it into a lather." Hence, 

1 althongh, as a general rale, old, partially dried eoap ia proferabI«, yet 

H may bo ea dry and inaoloble, as to luvolvo too great labor m rnb- 

biiig it into laUjer ; and to injure nrticloa by excessive friction, witii 

largo chauee of failure in tbe deansiog operation. Ijueinoss oouipo- 

tition, and the dcDumd for low^priivd artiolee compel monufaotnrera 

ti) turuinli HoHpe with a large excess of water ; but tbeso ubeap Boapa 

mny not lie the most oeonomiual. 

7S2. VailellM H Saap, — OonimoD yelloa hard uxip, oonsiatA of soda 
with oil or fat and resin. Itentt is a feeble ouid, capable iif combiniug 
with alkali, but aentndizlng it loai completely than oil, ao tliat the 
com|>ouud or aunp formed, \t too powerfully allcoliui?. But whcv 
rwin is worked with an equal or larger proporUoa of oil, it makes ou 
excellent soap for ninny pnrpoaM. Gonoino catUU loap oouusta uf 
olive oil, Ka|Hiulfied witli aoda, and colored; that tvhicU b oominouly 
sold under this name, however, is an imitation, made witli common 
fatty umteriala. WiruUor soap eoueista of tallow, a email proportion 
of olive oil and soda. Ordinary tehitt loap or evrd toap coniiisla of 
tallow and soda. Cofoa-nut oil (brma a soap that gives a strong 
lather. Toilet toapt ore made with lard, almond oil, palm oil, olive 
oil, iir Hiiot, roiribined either with soda or potash, accoi-dingiy as Hiay 
ere desrcd to be hard or eofl, and with us Utile cxccas of alkali as 
possible, Tbfj are colored and perfumed to taste. Fanc!/ loajm are ^^ 

essentially common soaps, mixed witli diiTcrent oroniatio oils and ^^| 

coloring Rubetonooe, and diversified in form so an to suit the faaUou ^^H 

of the dsy. Soaps are mettUd, streaked or stained, by mntallie ^^M 
oxidea, chiefly oxides G^iron; which can only bo worked through tho 
liudy ol' the soap, tu give it the de^red marbled appearance, wken it u 
^ a rertain e(mti»Unt«; Midi BOaps, thgreforv, cannot be chsrgud 
with an eioeee of water, lYeniparwitl toap, is white eoap that hna 
been dtiisolired in alcohol ; bi oddjlioa to the detergent propertMa of 
the oos]) ibieU; It Joins tho alcohol, which ii aometimeB usaful for 
cleansing pnipoHes, and alwnya harmlets, Bnt it wastee rapidly, and 
i:N Bilvantogee hardly coio|ienBat« fur ibt extra ooat. De«id«« water 
and soap, tho nntverwl and moat important agent, other substances 
arL> aUo imiployod for spedol •-urpusta, whioli wa diaU noitee la eon- 
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798. CMip«ltlMi«r tte Mit*— The gcoMtl primtfa oC 
mway all dirt, spots, aod utaiiu^ conabts i& vpfiyfxig to liiHi a 
stanoe wMoh shall have a strooger atlxaotioiilbr thamailte 0009^ 
then^ than this has for the doth or«irftioe to whioh it adl^ Hi 
dirt is to he dissolved, and henoe for eaoh special ima of inqpinttf W 
require, if possible, to find special adlTenta. It ia a matter of flhiwWI 
affinities. Id deaofling textile artiolei^ fbr ' ezampla^ we Mkf il 
remove the dirt without ii^aring the fihre of tlie dodi; and if ItBl 
possible, withont distoiUng the oolor. AllnJkw are ahle to diadhi 
almost every thing that preaenta itaalf fn the fbrm of ittft, hot iSuf 
are too powerfiil, diaohar^g oolora and ooirodiQg tho tftHM^ ii 
Boap, their activity ia ao restrained that they beoome generally wnt 
able for deansing pntpoeee. The leading oementiiig eonatitoartiBf 
dirt upon onr garments, is some fonn of oily aabstaiioe nninimmliiiiil 
Dy perspiration or contact of the din, whidi ia oenatantlj eimiil 
by an oleaginous film. The oily, greasy basis of dirt, may be it^ 
rived from many sonroes. Bnt water has no affinity for oQy nottv 
in any form, and cannot dissolve them or alone remove them tm 
any sorfi^e to which they may adhere. This is readily eflboM If 
soap, which being always alkaline, taked direct effect npon the grtM^ 
partially saponifies it and forms with it a compound whioh i^mkm 
in water. The oily natmre of the soap also increasca the pliaiM|f tf 
the articles with which it is washed. 

Y94. B s a ctiaag ef Seap aid Water.— Water is the ocanmon Ikft 
vehide of deansing, and soi^ the agent resorted to, to render M 
Bolable in water. The soap is either applied directly to the artUbl 
is dedred to deanse, or it may be first dissolved in water. jla 
and water thus act Jointly, it is proper to inqnire aa to their 
toward each other. If the water be pnre or sofl^ soap diasolvea kt 
entirely ; if it be hard, that is, if it contains sulphate of lime or 
ne»a, the soap, when added, instead of dissolving, curdles or b# 
composed, and a new soap is formed, which contains lime inateaSrf 
potash or soda. This new lime soap will not dissolve^ and mf^kl 
seen upon the surfiuse of the water as a kind of grea^ aeom. I 
adheres to whatever is washed in it, and gives that nnpleaaant ae^ 
tlon called hanhnem when we wash our hands. Hence, with hi 
water, an excessive quantity of soap is required, while the openft 
is mudi less agreeable and aatia&otory than with soft water. Tbti 
itoqoaUtyofhanbniwsdiflMUeamiieKM^in alcohol and *p«t a fe 
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drops in tho wat«r it is wisheJf to examine. If it rumains clear, Uie 
water is perfectly soft ; if it becomes cloud? or opaque, the water is 
ranked aa bard, and accordiog to tbe degree or density of the clondi- 
nes^ ia the Itardneia of the water. 

TBS. CfttM, Ubcb, ud WMnet utldn.— All textile articles are, 
howoTcr, not to be treated alike in cleansing. There ia a radical dif- 
ference in the stmctnre of tUe fibre between woollen fabrics on tbe 
oat; hand, aud cotton and linen on the oilier, trliich tnakc« it necessar; 
ttiat tbey shoold be ditToreotly mi 
aged. Fit'' 1^^ ''Bp''^^i^'tiBa''alBl>t 
smooth form of linen and cotton filo- 
inentH, while Pig. 120 exhibits tbe 
toothed and jagged struotnre i 
woollen fibrca. It is evident that 
the«e, by compresmon and friction, 
will mat and look together, while 
the cotton and linen fibres, having j 
no nuch asperities of sarbee, are in- 
capable of any thing like close me- 
chanical adherence. Hence, the pe- 
calior capabilities of woollen fabrios, 
of /eltingt falling, and slirinkiiig, 
caused by the binding together of the nltimate filaracnta. We see 
therefore, the impolicy of excosuve rubbing in washing woollen fiibric!a, 
and (if clianging them fh>ni liot to cold water, as the contraction that 
it canises is essealiallj a falling pro- 
cess. The beat ezpi!rione« acom* to 
jndicat«, that woollen oloths should 
never be put into cold water, bat al- 
ways into warm; and if changed 
fWini water to water, they should go 
from hot to hotter. In the moel 
skiini) modes of deandng and pre- 
paring dttainct for printing;, the plan 
is, to place them first in water at 
l'>n° or 120°, and then treat them 8 
or 10 tiinea with water 10" hotter in Wmiim ubiM 

each cose. Some soak article* In warm w««r, to which a little wheat- 
bran has been added over night. The dirt is loosened, perhaps by a 
kind of fermentation. Booking Id weak soda-water is nseftal, bnt (oa 
-Sffi a me of alkallea afarinks the flbrM ot cloth and impairs the 
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«4 oipm^r wyi* iM^ dMld mf«r W bolUd fa lipd 
IW eHbau&» «r Bm pneviMtad ly boaiag (M) ii Mk. 

' dflwa with It wIiiAkw 
Md fiaHMvpoitti 

rM. Iviiil cT 9Mi% %ilto^ %k--To do «Ui ^nlilKNii 1^)1117 to te 
<i?loc lY i^ ^hcie. II wsMCHMi «Hj« ft«9MBt|y most JMJUwiH^ ad 
ofti» ni|^\B9tbileL Mttcb Mgr dtyM w I iyaa ikHMmd pt n & wri mgm^ 
ai^HdtfMi: apd Afc w^gli ¥Miw» ig— ti^ iriikh ir» are BowtoiMB- 
tx«. «iY cAMtuMi ¥iImMbl tH good oQoph after 4 k tho cider !•• 
fiwMc 6" w >i< » y^ fti »oy ge eac a Hf bo iww iod by Ihe potfeal lypfr 
M»tt cf wop oad Mft wojte; be* other aeoBi are alao employed 
a.VnwML or tbe poK piMfl^i of eby« beo a afePoeiK attraelidD for 
iftRT soNrtoMiML ODd fe aaril and ia Ifao tenii cf ftdlenP oarU^ a fl^ 
irrik^ed <l^, vhkb » p te pai e d by bakiag and dotriatioB. It h need 
^ V di^.25ir^ a CRie ihroo^ wmtier« » aa to Ibrm a thin paeie^ ipread- 
ir.i: ::^^:i ;he ;i<AiiL uhi kdkTin^ to dry ; the spot then only remains to 
be bc.i<^<o. />v%v*.t cAuh^^ a very nsimHU mineral, is ako highly ab- 
A>cSc c: v>t cr« &!<\ c <(r>\s«V is an excellent and delicaie deansing agent 
[; U a Uv^w*.^ «v>ia $oa^ It lemores gna»e> and is said to fix and 
V^l^.:oa vvlvsr^ tho«u:h it ha$ a greenish tinge* which is bad for the 
r;ir.:y cf whUe arxiol^^sw The applicaition of a red-hot iron doselj 
aN^vo a grva^e^vc otten vx^lasilixefi the oily matter ont of iL Brown- 
f^;xr pTe^^x! c^vr. a s:ain with a warm ir>i»u will often imbibe the 
gTva:$e. Scales by wax. n^in, tnrpentine; pitch, and substances of a 
TV5inv^u5 na:urv\ nu^ bo removed by pore alc^AoL The fat8» resins, 
ar.d ur.ctuoc5 oiU are dixolvod by aitential oils, as oil qf turpentim, 
Oomswn spirits of turpentine, however, requires to be purified by re- 
els: iUaciv^n« or ii will leave a rerdnocs stain upon the spot where it ii 
u>ed. Wlion pitdu varnish, or oil-p<unt stains have become dry, they 
s!io;ud be softened with a linlo butter or lard, before using turpentine 
and s^xap. Biinkinp-jiviJ combines the solvent powers of both alco- 
hol aiid turpentine. Fruit-stains^ wine-stains, and those made by col- 
ored vegetable juices, are often nearly indelible, and require various 
troatmout. Thorough rubbing with soap and soft water; repeated 
dipping in sour butter-milk, and drying in the sun: rubbing on a 
thick mixture of starch and cold water, and exposing long to sun and 
air, are amQug the expedients resorted ta Sulphurous acid is often 
employed to bleach ont oolora. It may be generated at the moment 
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( nsing, by burning n RmttU piec« of anlphnr in tbe »ir, under tli« 
r^o ODd o( a suuill {lAjier funnel, whose upper orifice it applied near 
ILe cloth, Ouffeu and ohouoUte Btains require ooreful eoapliig and 
WMBliiog with water at 120°, followed b; sulpbnration. If diHcoloro- 
lion baa bc«n produoud b; aeidt, water of ammonia should be applied ; 
if BpoLs bave been made b; alkaline Hubetancts, moderate!}' strong 
vinegar nm; be applied ; if upon a deliaaC« article, the vinegar should 
be deoolorizad by filtering throngh powdered charcoal. For iron 
mould, or ink stainii, lemon-Juioe or aalt <^ Horrel (oxalate of polaah) 
may be used. If the tuins are of long Etanding, it ma; be noceasary to 
aac oxullc acid, which a mnch more powerfni. It may be applied in 
puwdi-T upon the spot, previonglj moistened witb water, well rubbed 
on, and ihi-n washed off with pure water. It sLonld be effectually 
3ul^ for it u iilgbly oorroaivo to textile fibres. Tbe stvning 

jrinciple of ootmnon tndtlibU ink in nitrate of allvor. It inny be re- 

I0v«d by fint soaking in a solution of eommou salt, which )irodnoes 
oride of silver, and snerwanis washing with ammonia, which di»- 

Hlfei Uie oliluride. 

ni.— CLEANSDi-Q OF THE PERSON. 
TD7. Stradira aid OOna tt the fiUa. — A gUnco at llio ituriona and 
beautiful dtruc^t.nrc of tbe akin, and it« important office*, will OMist Of 
to uniltrstund Lbc uaoiea ^^^^ il^ 

and natura of its defile- 
mpiita. Tbe oator layer 
of the skin (cuticle) ia 
formed of olbuminona 
eoU*, whinh, losiug tb«lr 
liijaid oontvnta by oiKfO- 
ration at the snrfooo, are 
fintk'ned into eioeedlng- ' 
ly ruinuio thin scaled, of 
a linniy, minting qoaUtfi 
wliLcli MfvcA OS a pro* 
iix-tioa to Um Muultiv* 
or tmo skin andemMth. 
The Durfnoo itf the dutinl* 
la cotuUuilly tnoceniitg, »«•"■» tt 
and wearing off in fine, 
powdery Malee, which are ropbwod by new growths from below, 
TT(p. it7, 1S8, «zMbit tbo stniature of the akbi. It ia an orgu of 






cutixtaxQ or ths ptcitaoK. 

a ftnction; eo-opersling, with the Iddoeya, on 

Iter, and willi the langs cm 

The ptTEpiralory tubes, which opei 

through the Qutide upon tht 

sarf&oe, Ibrming pores, are spi- 

ral-«bapo<l, as ahown in the Sf 

-^- Qre, and terminate in glanda be- 

' low. Prof. Wnaos wja, "I 

eoanted the perspiratory pore* 

on the palm of the hand, and 

fi^und SG28 in a equare inch. 

FacIi of these porce being the 

npertore of a tittle tiil)c, about a 

iiaartcr of an inch long, it fbl- 

k'wa, that m a iqnare inch ot 

~kin on the palm of the btai, 

Lliere exists a length of tabs 

L-ioal to B33 incliea. I think 

Dial 2)400 might be taken aaa 

fair average of the nomber of 

IH>res on the aqoaje inch, and 

700 the nnmber of inches in 

tUa-«~aiiiBWii>dRt«<'>>*MiateMk«Bd length for the whole mrfiueof 

square inobcs of 81 
ef ordinarj height and bulk, ij 22D0 ; the whole noniber of ||| 
fore, B T,000,000, and the amount of perq>iTatoi7 tabe M,W 
neariy IS itdlea." Twent; or thirty onnca 
throng them cbaands duly, and upon eraporating into the air, li 
a reddne npon the eorface, of animal and saline matter, c 
adda, alkalies, caloreooa eartli, &a. 

798. iBpuUkfaraaSkk.— We have noticed the ( 
haling and atoorbing enrboe of the longs (983), and the o 
danger to which we are exposed by the inhalation of foreign, i 
ona gnbetaooes, from the air. EvideDtly, if the akin were in th< 
condition, if its millions of little months were oonatantly and f 
open to the ait, the danger from abBorplion of iofeetioas mfttter w 
be greatly heightened. Bat this oonBeqnenoe is wisely guarded 4 
by a Bet of glanda, whose special office it is to secrete oily matter t» 
bedew the snrfiuM of the body. Ve notice that where this oily mat- 
ing fa in exoeM^ it often givea an unseemly polish tn the fiMorw ; 
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Vliile if St be deflcicnt or abwn^ the bIciii is dry. harsh, sad rough. 
XTow this oleogiDous pellicle, while otfe ring do bindrnDoe to ozhata- 
M^n, or tho ontward esca[>e of wosto matter, protects the vy\ilem 
tgaiast too free absorptton ^m withoDL It is this oilf distiliueiit, 
perpetoall; covering the cnlaneoua anrfsce, that seize* npon all forms 
4f dirt and Impurity, cementing th«m into an adhorent layer of dirt, 
Domprising b]so the dregs of perspiratory evaporation, and tlie m-qIm 
*f scnrf-sliin Jnst noticed. This trust of dirt may at length nccui nil lute 
■nd consolidate, nntil it obstrncta the poreii, arrests Uee drainngo, niid 

oerioasly interferes with tlie Ainctbns of the skin, and the hoatch 
tf the body. As a eoDseqaencc of the neglected state of tliis organ, the 
Mdentary and irregular habits of refined society, -the 
'letn of the skin l>ecomcs slu^ish, and its actions torpid 
and irregnlar, and instead of the constant flow throngh 
^ nil-lubes, their contents l>e«uinc dry, dcnao, impacted, 
and do nut freely eecniw. They accninulaU in llio ob- 
Arncted passages and form pimples. When those arc 
•queexed l«twoon the linger nails thoro Issues n little 
^lindrieol mass of white nncinons matter, whleh, when 

lined with the niicrosco[)c, reveals a little animolcnln, 
pqireoented by Fig. 120. It is called by Dr. Wii^on, 
go has sludiod its history and habitudes for tax months 
a time, lUatonxm /ollieulorvm ; ibat is, the 'animal of 
file oily produot of tlie skin.' The<o little personages are 
Mt«n>i')'"'-I>l'<^ "■"■ head, roelcrii, fuiir puir of tegs, and 
A long laiL They are al>out the l-4nUi of an inch ]n 
IwSth, and always ocrapy the same position in the oll- 
|ybe, tlie bead l>elng dirooted inwards. The little masa 
j^ot oat from the pimple iiiay ooutnin from two to twenty 
tfthem. 

00. OiMutag ef Iks Skia— lklatI*a,_AB oU hi the ImsU of the Mat- 
bg of dirt which daily coniirotes npon the skin, it Is obvioiu that 
^Ut alone is incapahio of remoTing it, 8<itip is tbo proper skin- 
ttotorgenU It partially saponifies the oil, reuduring it inisclble and 
nlohlo in water. The oikolmo element of soap also softens and dts- 

^s a part of tbe onticte which, when mbbed olF, carries with It the 
*lrt. Thus any waoliing with »oap removes the Gice of the old scarf- 
* in and leaves a Dew one. If tlio hands are too long exposed to the 
•OtioD of on alkaline soap, they b«coulu lender, tliat ia, the cuticle 

>lves nway, and gets so thin as not lo protect the inner or sonsltiro 
Wa*h pvudm am infarior to soap, and iqjnre the whiteness 
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and pmitj of tbo stin. If »mp prodiioe irritation, it is because th« 
gkin b in some way morbid. !t shonld then be Dsed in email qnaotitf 
■t Gret, iDcrcasing it prsduAD;. 

600. PMwtfhj tf wisUne Ife* Fmc— Dr. Wasox tlios pleasanll; 
dlsMnnee on tbe art and mjiberj of cleaoung the fiioe. " And non, 
dear reader, having decermined to WAsh jonr iaca, haw wilt 70U eel 
■bout it I there are man j wrong wajs of effectkig §0 Bimjile a l)nr- 
pose ; there is bnl one right way. 1 will t«U it to yon. Fill yonr 
bamn about two-thirds foU with freah water ; dip your taw in Uie 
wat«r, and thea your Lands. Soap the bands well, and pas8 the 
soajied bands with gentle friction over the whole face. Having per- 
formed thL» part of the operation thoronghly, dip the face in tba water 
a soooud time, and rinse it completely : yon may add very much to 
the liixory of the latter part of the process by having a second basin 
ready wiib fVash water to perform a final rinaing. And now you will 
say, 'What are tbe wroog waya of washing the face?' Wby, the 
wrong ways ore — using the towel, the sponge or flannel as a means 
of conveying and applying tbe soap to the fiice, and omitting tlie 
rinsing at the conclusion. If you reflect, yon wiB see at once that Ibe 
bands are tbe safleat and the most perfect means of carrying the soap, 
and employing that amount of friction to the surface with the so^> 
which is neotwsary to remove the old and dirty saaf, end bring out 
tlie new and clean one from below. Uoreover, tbe hand ia a sentjent 
rubber, or mbber endowed with mind ; it knows when and wbeae to 
rub hard, where sofUy, where to bend bere or there into tbe little 
hollows and crevices where dust is apt to congregate; or wbere to 
find little ugly clusters of black-nosed grabs, the which are mhbed 
ont and ofl', and dissolved by soap and friction. In a word, the hand 
enables yon to combine efficient friction of the skin with complete 
ablution ; whereas in every other way ablution mnst be imperfect 
Tlieu, as regards drying the face, a moderately soft and tJiick towel 
should be used; a very rough towel is not desirable, nor one of thin 
texture. This is a point that may be safely left to your own taste and 
feelings. The question of friction daring the drying is of more con- 
sequence, and this is a reason why tlie towel should be moderately 
sofl, that yon may employ friction and regulate the amonnt. With ■ 
very rough towel it is impossible to use fi-iction, for its t«ndercei pres- 
sure may be enough to exooriate tbe skin ; and a very soft towel U 
•qually op*n to olgection from its inadequacy to fulfil the obligation 
of friction during the process of dr^ng. In washing the Dim yon 
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I ^Ts tlj'ee oLJecIa ta fulfil— to remoTc the dirt, to gire froahnesa, 
f and to impart tone auJ vigor lo the al<in." 

OmwIik Ue Twth> — TLo tKeot of talking, ringing and breath- 

I bg through tlie month, is to evaporate ttie water of the aaliva, leaving 

~ » solid oonstitaents, aoimal mntt«r nod eaJts, as a reaidiio whicli atxn- 

I UnlattM npon the tooth as tartar. Tiiia, togetbor with the frogmoaU 

tt the food which get lodged io the cavities between tho teeth, is ■ 

[ flonataat cnoeo of impurity io tho mouth, which should, therefore, bo 

kn cleaiuf d. Dentifrices are preparntlons of liquid, paste and pow- 

t for cleansing the teeth. Some aut cbcmiccdlj to dissolve the tar- 

rouB inorostatiott, as dilate tnnriatlc ooid, which also reinoToe dia- 

f •olorationa and whitens the teeth. Bat it also corrodes their ooainel, 

d rapidly destrojs them. Its habitual or f^neot nse ia, therefore, 

wt perniciona. It wxj bo rardr aiid cautiunaly eniplojed to cfTuoe 

I dark spots or black specks upoo ttio teeth, but it should be quioklf 

I Bantralizod with chnlic, and washed ewny with water. Tooth pow- 

[ fcrs, which act niochanicatly, are better. Tfiey reqniro to have a cei^ 

I Wd degree of bnrdnoss or grittlnoas to enable'tbem to removo Uiq 

I (breigii salMtaocvs adherent to the teeth ; but if too hard, they ii^are 

« enamel. The powder of ground piuuico stooe is employed, but It 

I k too sharp fur any thing more than exceptional use— «sy once in two ' 

|tr three monllis. Chalk is soft and oxccUcnt; not common obalk 

1 pnlveriied, for that coDtoIos flinty particles, but prepared thalk of the 

■ ■flrnggisL Charcoal and powdered cattle fishbone are good tooth de- 

■tergentt. Tot all insoluble powdcn ore liable to the objeotion, that 

■Ibey aoenmulnto in the space formed by the fold uf the gam and the 

Mk of the tooth, pruaouiing a colored circle. Tho powder is tliore- 

e often colored rod with earmin« or bolt armeniae. Myrrh, dn- 

1, tte., arc added w perfinme. Ehatnny, c:nchona, and eattthiiy 

) added to exert an astringent and hardening olToot upon the 

If galwtAncea ore required which ahall diiwotTe in using, 

Wlphatt (^ polaith, photphaU 0/ ledit, eream iff tartar, and onm> 

n salt may lie used. UiBiufecting and deodoriiing toolh<|iowdera 

1 waslies whiah deetruy the unpleasant mlor of the lirtMitb, and 

Kid to whiten itaiopd teeth, owe their eBicicncy to clilorido of lime 

Buch a preparation may be made iiy mixing one part oliloride 

f lime with twenty or tlilrty of chalk. A ditinfecting moath-wai4 

h made by digesting thre(i lirachtm of chloride of liott Su tivo ounoea 

Wtt distilled water, and to the filtered solatiun adding two onnoca of 

B^irit, and eoeuting, aa with attar of roaua. — (Psuiua.) 
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802. It Wis noticed (808) that tbe •tiiioq>liere oooitaiitly tendi to 
wlf-pQri(ioatioD ; its oxygen is m nniyeml deanser ; it gmdnallj but 
c«rUunly consumes tlio nozioos gases that are poned into il^ fipom 
wbstfivcr source. Tet its aotion is slow, and it often happeaa that iih 
Jurious oxbalations are set free in snch quantitiea, or in anch confined 
ifieces^ as to require other and active means fbr thdr remoyaL Bendes 
T«ntiUtton« oUicr methods are also to some extent aTailable for getting 
rid of atmiisphcric impuritiea, acme of which will now be noticed. 
Tb« «n)|$oot of malaria, air-poispni^ atmospheric infection — ^what thej 
aiA bow thoT act, and in what manner and to what extent th^ are 
oa)>ablc i^ connt^racUon — is yet involTed in much obecuritj. The 
unKdjuYCcft which rcliere us of disagreeable odors and nozioua eman»- 
iKw« arc nnnMiri>u% and take effect in yarious ways. 

^\>. riasHMiP aai W ^e alw i i i W hen atmospheric impurities report 
1bcni*ixK*tMk to The «)lfiictory seniie, they are pretty sure to receive at- 
liNiiu^n, tboii^ we too oft^n seek on^ relief from the disagreeable 
«)>oll. 11)» i« done not br rorooving it, but by smothering or over- 
^is^^vri)^ ii wiih «wcot scents. With musk, attar of rosea, lavender, 
«\W\tcivM» ]iruni^ tVa^n^uit spices, aromatic vinegars, &C., a doud of 
l^triV.ntc is misic^! which masks the unwhdesome odor. This may be 
«Mlt^^)^ An c\oiMib)e riNkMts but it is too frequently a slovenly expedient 
^^ «\^n«va) ibc <>^''t:» of unclcanlitwsa. **They are the only resources 
i)\ r^«k* a:kI «V;rt\ t;nu>» n^mtt the ofibnsive emanations frx>m decay- 
i>>^ Axx)uul atto) > <vi>:ah)c ^uKstanceek from undrained and untidy dwell- 
ft^CN tSMM >:)>ok>*n o)«^hcfk frcm ill-washed skins and ill-used stom- 
4^*^ W s«.v'.:UM K*ndkoT\''hicf in thcw cams takes the place of the 
«(s.^'^' *^) ^ --"^ sh^NW^K^batK the pastile hides the want of ventillation, 
iS* ><^sa: \< rv\!ios ^vr.ti^ t«> render the scavenger unnecessary, and a 
i^v .•V>^\j: v>f ^.v.^ !^^>9» aII v^her stenches and smells at defiance. Tbe 
A«.^NNvc ^Wa'^'.sI ^>r I he Iv'AurT i>f civilis^ perfumes may exist where 
iV." 4.^\v:4r^ s^c S^:\t ckssnliniXMt is the greatest.*- In this connexion 
>»^ \\\^ vJsr^'.SN^st :Sv>M» JVi^NV)e» which exert a palliative effect, remor- 
^^ 'Tkity^:: tSjkiu v\>»nV*2Ii^; or dostrojir^ the otifensive bodies. Thus, 
mi.'^s^.;;t:\>S;v\.l io^V^^^«» the ]j:ss iM' rv^ten e^:g«^ and which is copiously 
W4 &^\x' ^"Mi {"^fsrv^^ »:V^ a:i::iuu KxI^m^ mAv be absorbed by water, but 
tfebs* >ik ASv« ^kvdt tK«4 <.Kx\>itt\x^» sv ncutnlixe it : if heated, it all escapes 
Kbs-X v^'<^ '*'-^^' •^' ^*- 1^ ic\^ A>tl also acts as an absorbent of 
N*.i ^'MM.«, d\^v^ AitU rv^:iu:;^ sheiu duriz^ cold and wet weaiiier, and 
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L large nmnber of snliHtaows httva 
been discovvrcd which destroy evil odora niid injnrions gases. These 
re t«nnod dlsiDfectonlit, oiid act chemicoll; either to deoomposo tlia 
Dxioua gubstances or to com bine with Ihem, producing new and harm- 
«9 compounds. 
800. Frtshly Birac4 Line— QiltkllHc. — Lime newly bomed, canatio 
and Ljdratcd (slaked), id used to purijy the fui. It hag a powerfU at- 
traction for carbonic acid, half a CDbio foot ot it absorbing DeaHy 40 
onbio foot of the gaa, A few lbs, of it placed npon a board or tray in 
tlio bcd-rooDi, or oftentimoe in the siclc-room, rapidly absorbs this de- 
btoriona substuni^ while the condensed gas is immediately replaced 
by an equal volame of fresh air fWim without. The oi-Ij inoon»»- 
Ideuce is, that as the lime combines with the acid, the wnt«r nsed In 
daking is set free, which ohargea the air with aqaeons vaiior. Tlio in- 
babitants of newly built hoases, and even after a ccnaiderable lime, 
often experience a similar annoyance. It is not from the onllmiry 
wetness of new walls that the moisture proceeds, but from the dry 
bydruto of lime in the mortnr. The cnrbonio ocid of the room, from 
the luogs of its inmates, gradnully pcnvtrates the plaster and displaccfl 
tliis water. When qnictlime is strewed over fresh animol^aod vegela- 
i, it retards their decay, and so inflaeocee the chaugea 
itontn and other volatile and strong-smelling compounds are 
f produced. If spread npon putrefying reftise, it acts differ- 
r, aetidog npon the acids and sotting free the pungent gnsooosolka- 
4. It ot first liberates a large amount of ofleneive gaseous matter, 
d then checks the decomposition'. 

806. CUerin as a DlslafMaaL — Bat the most poworfiil disinfecting 
I Igeiit is chlorine pno, one of the olements of comnioa salt (590), It la 
cnergotio ohotnicol agent, used for the deelmoUon of coloring mat- 
tor^ as in bleaohbig cotton, linen, latty mbstaDoe^ Ac The remark- 
able ligbtncas and tenuity of hydrogen hare been referred to (TO). It 
ooTttbinea with many hgtvier demcnls, fonniog eompoiuds of «itremo 
TotatlUty, lighter than the dr, and which constantly ascend into it. 
It is this highly rarefied gas which seems to Btand^oseet upon the bor- 
ders of nothing, — but becomes potent through its very nothingnea^ 
thut ^Tes wing to the deadly exhalations, lifting them away fWnn tiw 
ground into the breathing region. The gaseous poisons of the air, ao 
tkr ns known, are oomponnds of hydrogen. For this snbstanoe ohifr 
rine lias a strong attraction, deeompo^ng and destroying its oom- 
pounds, and being a gas. It may also difiAiso llirongh the air, and thns 
ektOM nd diBlnleot it. 
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fi maj be spread npon taj potnfrioK iotwtaDoe, when it 
tetrajx BOKNMS ba£es as tbej m finaed. It may be plaoed in a 
racm, wbcB carbonic acid riow^ eambinca with (be Ume^ and tba 
dikriM ia gradnaDy act btA. It ma/ be Awilnd in wmter and 
Bffinkied UinNi^i bad BneUing a|wtni0itaL tw dotha dnmed in a 
dOnted salatHo of it c«n be hong^ in the rooot. After infecdottl 
Aaeaaes, a weak solntioo of chkiridet/ Gme obonkl be aprinkled orei 
riieeU and bmil^ linen belbce vaahio^ and Uie walk of the rDom 
waidied down with ik Odoride of aoda b wed in the same manner 
aa chloride of lim& 

808. IH^ftitlM bi n^bniM UL— Vhn ra^nr te bamed U 
the open air, ozjgen oombinea with it, ^uia^og tn^imrw and gat. 
It liaa a noxioQa odor, and if largcij miqi^ed with the air, is 
iqjnrions to liealth. It ia an aotive ii"*™'— i ag«nt, mnoh naed fbr 
Ueaching, aa nwj be iUoabsted bj hotding ctv ft bonuiw aulidnii 
match, a red roae, whiclt iaimmediatdy irtdteoed. WooDcn, nlk, and 
other garments are bleached bjit. Itititf aatronglyaddnatiireaiid 
eomlaiiefl with alkaline t^mmi of the air, while it deeompoees and de- 
■tro7B other nbotanoea, aa sulphuretted and pbg^^atvtM hydrogen. 
When an apartment is fnmigated by bnmiiig snlphnr, it is neecvaiy 
t» leave it ; it ooirodee metals. 

aog. Wbw SakriauM Med te PWifcrttw.— OUmd^ ^ mm !■ a 
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•heap nnil effloient disinfectant, tLotigh it imparts a broKii or bluiah 
wlierovcr its ediiition ttiU. ChhriiU efrine is etjaall^ efficient, 
lora eipoiudve. Sulphate qfinm (cwpp«ra8 or green vitriol) liai 
■trung didtnfeotlng power. £itlior at thc«e snliatsnoes dis-iolvod in 
WKter, (one, two, or three lln. to tbe p^fnl,) thrown into vaulta, oess- 
pools, or pittors, or over any foni mnasea of fermenting mutter, eiert 
Bot onlj a diflinfecting and deodorizing action, Imt partially arrest 
patrefactive obonge. Acetal* and nitraU qflead are strong diiiiD- 
' ftotants. Tiicso tubstanoM are aU solids. Tlicy do not osaomo tha 
gaseon* form, bat iw^ dissolved in water, by fixation of n sious sub- 
•tauoe.t m tliey are set frce^ 

Elkctt«rCbarc«aIi — It is well known that cliorcool ta a power- 
tiA dcodorizof. Strewn over heaps of decomposing filth, or the bodies 
of dead animals, it preveata thu escape of efllnvia. Tainted meut ear- 
rounded with it, becomes sweetened. Foul water strained through it 
li pnrified. Placed in shallow trays in apartmenla where the ur is 
offensive, It qnickly restores It toaweetncss, and oven pQrges tlic putrid 
sir of dissecting rooms. Oharcoal has also a powerful attraction for 
boloriug HuiMtanocs, and iansed for bleaching sirnpa, liquors, ^, by 
' filtration through it. 

8U. M«de«riill«a«f CkirewU. — Charcoal produoes thceo effi^ta in 
ft particular maimer, unliko any Bubelanc« that has l>cen noticnl. 
lliiiit, if net all porous solids, have the power of absorhing and con- 
densing gases within their miuate inlerior spaces. Charcoal is ox- 
Wcdingly porons, and has this properly pre-eminently. A cubic inch 
flf fresltly burned, light, wood charcoal, will absorb nearly 100 indiea 
of gasMus oramonia; 60 or 60 of sulpharetted hydrogen, and nearly 
10 of oxygen. The charcoals are not all alike in efficacy. Animal 
diarcoal — from charred animal snbstance* — and peat charcoal, aro 
r in ahaorblng and condensing power to wood cborcoaL 
rdoea tills sabslance produce ita effect*? It was fonncrly 
ftrimply by sponging np ibe deleterious gasca and rct^ning 
■ porva;. Bnt luti>r inqniries have thrown light npnn this 
B now understand that by means of this mvehanloal 
aondcDaation, charcoal becomes a powerftil agent of destmctiveobaiig«. 
Chemical action is hastened in proportion to the nearness with which 
the aloma can be brooght together. In the porua of tlie coal they ara 
forced into sneh olose proximity, as rapidly to augment the chemical 
tfianges. The condensed oxygen seiaes opon the other gasca preacnt, 
pmdneing new oomponnds, oxidized prodnola. In this way ominonia 
f it changed to uitrio add, and snlphnratted bydrogen to galphuria ftBid. 
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In tliis wti7, cbarooal prnmotM oxidittoii, ao thBt inatMd of being at 
tuitiscptio or preventer of change, it ia raallf to ucatienioT of deeon- 
positioD.* This aotivo propertj of hasKmlng deoonpoaltkin baa bwn 
made medically available in the tana of poollioe, to ocxrode vwtj 
sloQgliing and gangrenona fleeh ia '""''g"«** TOonda and mkw, J>r, 
BiBD,iu hisTTork on the medical aaeaaf ohan30fll,qnotMMTenlcaMa: 
wegiveone. " AinanwaaadmittedtoStHarf'sboqrftalwitliadoD^ 
ing sore apon hia leg. A ponltioe of thia kind waa put on, and isnix 
lioors the dead portion waa rednoed iu die tbll; <aie-qn«ter. At the 
aamo time, the ponlUoe thoa made, effeotnallj-^reTentB any odor or 
pntrcfying eibolations proceeding from the doogb and perrading (ba. 
apartment." Dr. Steshodbb, who, in 1865, firat draw Satinet atten- 
tion to the fact, that charcoal ia rather a baatener of deomnpodtiaa 
than an antisepUo, has contrived ventilatiDg arraDgemeata inirhioh the 
air of dvrcUiDgs is filtered Ihrongb cbarooaL He baa alao abreatb-flher 
or respirator, consisting of a hoUow caaa of fine flexiblo wire-gaiue^ 
^^ ,^ - irbloh ia monnted opon the fJaoe, u 

abown in £1g. 180. It is filled wi£h 
ooaraelf powdered obareoal, ao that all 
the air tbatentersthelimgaia strained of 
its impnritiea. Oharoosl is tbna atroDgly 
commended aa a dMnfectant, It hu 
; many advantages over tbe preparatiooa 
: of cblotioe, aa it neither injares tbe 
texture of anbetanoea, nor corrodca 
metala, nor diaobargea th« color of 
fabrica by ooutaot, nor girea off dis- 
agreeable fmnea. It ia never in any 
application or tue, poiaonona or danger- 
ons, but is entirely innooeift, and in only one aolitary instance can it 
become pernicioua, and that ia frben it ceteee to beotone ohaiooal, and 
■a burnt in a perfectly dosed room. 

*"I took UobodraTu Engllih torrltr, vaiglit (boat tan Iti*^ plw^ tt OD ■ Mob* 
loot In ■ loutl iputnieiit. mnd llgbt] j- wnred It wltli clivsoil ; ilthoDcli [be wgUhcr 
wu TS17 Winn, not tba sllshlot odor eotild b* delscted. Br •oma leeldaBl Iha flhuwd 
wu dlstnrbed, ud ■ Urga paiHan of Uw nuia wu Ml nnaaniad; U Hilla of thiitha 
alrciiiiOocoal chucoal na inlOiilaiit to prarant u]r oSeuiT* MaDctL Upon tariag tbb, 
IMttfaa tndT mnplelalr DncoTand, man]; aarrosBdlng It with the deodoiiiliig agcBti 
(hIa ninlD pntaBlad ur dla(rM*blD amelL HitId; detarmJoad tUi ftct; I tgtia cot. 
•redthacanui. In lia Uun ■ fortDlglit not ■ fuUala of Bath nmalDed npaatba 
bonas, which wars plekad peiieotlj' alau, ud w«ra of • aaowf ~^"-i-|i" [Itiii «■ 
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V.-POISONS. 
813. PalMU *Bd rolMilBg.— PoisoDS are divided inio three clossei 
■ocording to tho wnj the; net upon th« Bystem. ^eriii or irritant 
poiaona directly corrode or destroy the tiMoe* with which they como 
lu nuntaut, and c&ote iii1«iiBe piua, but do not imspend cutuciotuineM. 
Strong luAda, and alkalies, aod indeed all poisonous metallio snbstances, 
belong to this class. Xarcotie poiHons ore such as prodaoe stupor, oa 
dfiium, carbonic acid. Niireolc-aeridr, oa tobacoo, alcohol, Ac., act 
both AS ncrids and Dareoties. Borne of tlieee poiaona may be nrreelod 
or Deutralizcd in the EjBtcm before prodacing fatal remits, if meaaarea 
ore promptly token, but no time is to be lost. Whatever Is done, 
must be done at once ; the delay necessary to ransack books for anti- 
dotes, or to get a physician, may cost the vioUin's life. If scvm pain 
in the MoniBch, Tomlting, purging. Sec., come on alter a meal, poiooDing 
ia to be suspected. Something may be gathered from tlie demeanor 
of the ifoisoned individaol, and a linonlcdge of circnmstaDcce. A 
penton who has swallowed poison, by way of anidde, will be apt to 
bo more silent about it than one who has taken it accideatally or to 
whom it has been administcrod porpiisely. 

S]8. Rfwirtts ■■ OM tf Pfbtaiog. — If the vial or vessel from 
which the poison was token be acoossitilo, or if there be disoolorcd 
qiots upon the dress, and if on applying the tongue to eitlior there is 
Kurmm, we infer that the poison is acid. In this case, or if it bo 
known that an acid has been swallowed, cliolk or whiting, mixed with 
niilk, should be giTen oopionsly. If these are not athaud, plaster torn 
fh>m the wall, or soap, may be substituted. Alkalies are given a* an- 
tidotce to acids, and the r«Terso. Thns, poisoning by oialio or anl- 
phnric acids may be remedied by soda or saleratus, while jwisoninghy 
peorliwh wonlil b« arrostod by vinegar. So if lime get into the eyes, 
it may be dissolved and woHhed out by moderately strong vinegar. 
ShVHdidote for eorronro sublimate is egga; for sagoT of lead, epsom 
firTT* If oUier or nnknowu puiwns have been token, the stomach 
Avdt bs freed of it^ coalcnls a« speedily as possible by ou onie^o, tlie 
<fM4Mt and best being a teosqinonful of moBtBid stirred up with 
worm water, its action being promoted by oopiuus draughts of tha 
latter. The poison called armnie or ratttiane Is not the metal arseulo, 
bnt the oxide of arsenio — • white, slightly sweetish insoluble powder. 
Bring destitnte of any decided taste, it is eminently fitted for the pnr- 
poie of the poisoner, as it may tie mingled with food wtthoat easy 
detection. But while ttis ciroumstanee is fitted to tempt the nmr- 
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deier, there foDowi anoilicr which is fm^t wtth sore letribnUon 
No poiiioD is so ready snd eertdn of detectun ts arsenio. And not 
on) J this, bnt 'Mt is as faidestroctible as adamant The corpse may 
decay ; the coffin fall to dost ; himdreds or thousands of years may 
pass, bat nndemeath the momd of earth, fai the spot where the 
corpse was laid, there is the anenic'* The best antidote to this poison 
b the hydrated sosqaiozideof iron, which combines with it, forming an 
Inert oompoand ; in the absence of this, milk, sogar, eggs, Sui^ may 
bo given, and an emetic should be administered as quickly as posnble 
lo relievo the stomach of its contents : it must be prompt to be 
aTailaUe. 



APPENDIX. 



ADDITIONAL LIST OF TEMPERATUSE& 

LowMt artifleUa eold IST below Mro, or 219* below freesing waUr 
Owbonlc add freezes 148° below zero, or 180* below freezing water. 
Loweet natural temperatare at Yakntsk, in Siberia, 84* below zero. 
Estimated mean temperatare of the North Pole, 18* below zero. 

Salt water of speeiile graTity 1*104, and oil of turpentine freezes, . 14f 

Wine freezes, . ' Vf 

Blood freezes, K^ 

Ifilk freezes, 80* 

Water freezes, 89P 

Alcohol boils in a Taennm, ••.... 86^ 

Mean winter temperatare of England, .... 87.8* 

Temperature of bybemating animals, . • • 88* 
Mean winter temperature at Bomo, • • .41* 

Mean annual temperatare at Toronto, ..... 48* 

PntrelkcUon begins, ........ 00* 

Cultiration of the riae begins at a mean annual temperatare id, 60^ 

Mean annual temperatare at New York, ..... 04* 

Mean annual temperature at Borne, ..... 09* 

Cultiration of the Tine ends, ...... 80* 

Water boils in a racuam, ...... 78* 

Temperatare of glow-worm and crieket, . . .74* 

Silk-worm hatches— temperatare of germination, ... 77* 

Tepid bath begins, .88* 

Acetous fermentation, ....... 89* 

Putrelketion n^id, ........ 08* 

Tepid bftth ends,— warm bath begins, 90* 

Temperatare in man— blood heat, . . . • • .98* 

Warm bath ends,— r^nnr bath begins, ..... 90* 

Cold-blooded animals di«, 108* 

Ti^r bath ends, ..... . . 180* 

Temperatare in a boat in Upper Egypt, . • . . . 188* 

Steamboat's engine-room (West Indies), . lOP 

Starch eonrerted to sugar, ....... 18QP 

Finland rapor bath, .... 170* 

Alcohol (spedflo gravity -794) boils, 174* 

Water boils at the sammit of Mont Blano (10,800 X eloTntioBX • 18r 

WaterbollsataneleTatloBofamUe, ..... 90S* 

Water boOs at the sea-lerel, US* 
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QUESTIONS. 



PAET I.— HEAT. 

Pui IT.— t. SOUBCeS AND DISTBtBimOH OF TERBESTBUI. IIEAT. 

L WbitUhtit! WhktoriUwaiiu or nature t Wbtt It lUUd o( lU linpDrtuiH I 
b Bow nacti kail ilooa It* MTth t»««lr* boa Uw na udbaUj i lis" dg ■■ Montilq 
k* luUliinounlullwulkMvn off from lli*nii,uMlkoirmu(ib toll r 1. UU»nu7 
Mx^uluboMF V/lutamjrrtiaiiaUj b* Interred ibuut Ih* oelgWal mertiuiiU st 
tttlf ntwt W* llw THuIla of PuuIeTt trunTthw f t. Why ■!« oidiuil qiuMltM 
^hMlrvg>lrc<l»«uiibsiuDit<Umiraai pbcHt Wkit auuuiiW tregtnuer Uhbb- 
ifu] dlSudiM uf b»l t 

P*oi 1»,-1L INFLUKNCB OF BEAT UPON THE UVmO WORLD, 
t. Tint mntrula ths dliltlbaUm of^iluU ui»ii iho earth t Huw da vn Ma tU* •>- 
•qrilflBd t d. In paulnn (rum tho tqniXM ru Ibu (rcUG n)[lMia, obal da ws ubun • In. 
tJU(l«b>anlni*Ji? Wh/ UlbltT An all ulrnuli tqiulljr ul^aet lo Uili Innoasatr 
tllOHiaintnniiimaniial iniii tltat How In th« paUrngloMr Dow In the ttoplvT 
I Uv* dm thn dm of tt» Wnl Indian oontrari wia that of ths OiHnUndgr r VUl 
In* Dr. Kmk obaem an tbia auVfcrir IL Wb*t la Iba allbct of wld aod warmlb ui>ob 
iiuliiialbodj'T WbatfOBlrolaUMlbtsa'llTafUwkctioaofuMnwInilarBDpuBlhD 
(i»a>f Wballalh* F.banotnof tha pHplaUinldMiuiirlHf In bott InUtuparaUif 
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■ ttiaarTltrDtlDnlalbetBUimalihaiHlaTr To wbat n^ Iba palUbwl manoan of t 
djiruibatibmdl II. Wlial taa baea ■■n**t*d CDBaaraliNI Uiii talallon of ollina 
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Piai K— III. ItBABUKEMEST OP USAT. 

lA What la inrani bj tlit tqoIllbrlBiii of kaai) OIro u •mopli^ U Whal e«dl- 

fen tnaal tina~la lb* landoBcr of baat lo an aqsUlbclaiBf How ar> «« *nahM tB b*> 

jpwBiqBalUadwIiblll I& How daaabaat aAMUMbalkof bndUaT Kntttmmm 

I iMinw anoiplM. 11. Wbal (a lald af tb* aipaMm at dlfforcal wt w i** b|r b«Mf 

E^kulMmB«lmU*r»pui41>Mir VhUmoMt WbyiabaataUdtobaUipMtlHnHa't 

1 IK WbUlaUayilMllilo oTUa tlwraHmalart What la tba ftaatl^ p«BlT BolUW 

[ B«w daaa It dMor (Ma Ih* (raUmd* aiil"! Fn.iu RaauBW-al a. Wiui do** UW 
tbanMnaUrmMat Wtet mMtka nsal w* *TDld I Wbai 4>w II aelBall)' itow 

> ul UBiiwnhiro an (Itib In lbs tabla I 
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JnnM« lo th« ftiTM of but u TOO r«wla from Iti toara 1 

b Ihi nto of dHTHM M f oa |«Ai Crvm ■ nbttut point T L 

K Whit U Mia of tti« tmniptniicT uT b»iUt> to U(ht u>d hi 

RnLtl lUcbl dJhrl MtntloB the deeti« nf ttuupuvDi? of nilou idIhiu 

Witt diF ftV Ta vhUlillic hMtlDg po«fT proportlonil r Wbj linolUio 

thf dlKCI n;a ar Ibaiunr M Whon do bodlu [>rl <r1tti tlH!i bttf d 

m«l othsr siRUDiaUnca tnMMndUtlon, ud boo I Vbit an Uu btat nd 

VMilf (llv* eutDidiiti How loay Uic ndlaUtic pcvu ot ■ maUQls nilVwbclB- 

mitdf Ducrlba Bnmtbrd't tIpailDiuit IT. How doei Di. latdner giptuD cbi 

Hllon of pullabid (urhaiiir ML WhitTHHlonticatta kanp itieir contcnis Buist 

WbM It Mid of tn-k>tUM, ud pIpM mod Moni* fi>r nnniag roonu * t». WIui i* mU 

<f tk* (ffHt oT MlorT fO. Wbitla tellHtadhHtt Th; cuuat ■ good nfiector t* 

wuiihedf Uow doM Uia abaorblDf comparo with tho TvJSacUns powtr In ^lan F Hvw 

in |K>II^°>1 aUvarl What It Uu •IlSanaaa batwaan tvllut ud raflaeled h«l! SI. 

]>vM cslv iDBiisDcia abaorpilunt D«cnb<i PruDkllB^ eip«rtiiiaDL What ta Uia rffwi 

ofatekaaUl Dark willi for prnpcif Daik elotlilDg F HI. DaaObodlMndlalahMlt 

K>1iUart(.& m. Whyara ilullglitnlghti eslderthuicloDdroiiMF W. Whatwi 

lb* old Idna sf ttia mum of diw F Hiw dou Dr. Wfib axpUn Itt WIiU a 

pbaaoDWIIB an atplalnid In the Hma way t What la maant by dev-p«UtT SS. H 

U daw mun eoplona ob a«ns bodlH thao othent Why U Ihai* oa di 

■IfkMt WbainUUanlittaonboIwconeoldDl^laaDdhMTrdawiF SI Vkritt 

MdawuBdBtWMF On cluiidy nightaF Id TallaysF 3T. What b fraatt wiat fi 

oaatlDB* maf ba likan to pravonl Injury (nmBrailF 

PuaSi.— T. CONDUOTIOK OF HEAT 

B& Kx|>1alnPlc.(L W WlittUaaldotthc dlffomntcoadDcllnspDwar 
BtuH*) What badlM are UiB but ouidaoIonF Wlutt ai 
KunJbnlV tabloT II. How liu tatun proisolsd tba earth and animals from 
•sldf VbatailraBlaga htro uiD'eiindnatlDg malorUbU) 
tha aMOparmtWa oondurttng piwsr at tho InJIng building nutsrlalaF O. Vliatbl^ 
OHhronco In oondBVtlDg puwDrtwlH-ncs molit nnd dry alrF Why an aaw^iut, l| 
hark. Aft. (ood non-oendnotrnF What Ij aaldur iloublo wlndowa t Why la not »ii i^ 
lwl«d of putuna maMriala to atieloaa icE-hoiuoi t 4S. What It old of the « 
pnwororihfnulcrlalanToDtrlatbliisT U. W hy aro ws nnablo to koow how b 
la. by loashlng ItF How b thli ihawii by oiperJmcDtT Why can wa ODdura 
touipontun In air than watorF 

P*ai W.-VL HEAT OOWTBTID BT MOTDIG MATTER. 

IS. Wlialbialdof thamndarllDf pownof i 
aoorHtloBofhoalF U. EiplaloFlg.S. Wbalo* 

r*om ST.— TIL VAEIOUa PBOrERTIEB AND KFFEOTB OF BEAT. 
a. nowihvgboataSKtthoCirnofbodlMFU Whatlal 
Ityr aiToEXUnplu. What baaldoTtha fracilDg afwili-rr WhatbBuaotby^ai 
offluldity! CalorieortluUdtyF «. What U ipHlflo h«atr What iDbiluiu hi 

hoiaalargoamaniilDfhiwtt GL Whf Isllao oooUiigwtiaB dnnkT Gl.Whatn 
ii Itain In tDgud to tte de Diltlna nf bodlea and tho hat IhEf eo 
Montcdliirr EipUIn tho St* ayrtnfo, S3. What blatant ha 
boatDrmatUnglaoaawrUInisdr U. What b Bid of tho bcD»dd*i 
Dooi hut alwiyi baeoma Utoul wIidb aolldi cbuiga to llqolibT 
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bg mlxlnnfl proddvod t M. How doti tlw fraeiinf of WAtnr ■ 

Boviu]ithliprtnrl|i1<biippUeilT ST. Vbal b cn^wntlin I 

K. Dgscilbo Uis l>ollli« pTWsea T W. Unw eu tbe Datnn o[ (ho tshiI kOMt lbs UiUlBg 

palDtof lUqaldt to. EifiUln tlui prlnclpla lod lb* coiulracUon i>f (ha burumaUr. 

boiled an • blgh tsansuln > W. Whf li ali niuiTHl Avm tha bc^m in lugu rannlngf 
«3. UovDur lbs boll[n« pedal of KklrrbaalariUdt M What noiw Uw duicln* of 
Ibc dnp orwaUrapon abaliloToT Vbal tampanlDn nfiurlkcab rafiUnJ lu piwlBH 
iiatt to, Wbr nur tha Bia be rcditeedwbanUiainiiububacBB 
> plan of Bnoker*! (krlna-kiula f (T. Wby do piiddln(>, Ac euol 

J ara damp nilaeoldf What Ia the effect of avaporatliiD la hatollmateaf Frotq 
1 and longs t Sow dam boning the fKe KnI II T TD. Vbfit nt monnbjHt 
Htld wban altting bj- ■ enck or holet EipUlD blowlBg bot, and btowlng eold. 



IhadeKniDtbHtr n What la «ld sf heU u a i 
tlliutrala thlaT IB. What la Hid of tboaaeet imxl 
oban^ Bt l«iBpEntBr«t Wh«t ii tba but irfres al 

PtaiM^IX. AKTmOUI. HIAT-PB0PEBTIE9 Or FUEL. 

!1, What li lb* •aiKS of lU Iho bcM vuplOTid (brbonaehotd parpoaaar What n« 
tba main alonivnli of the air, and thalr ralaUrc propartlsna I Wlwt aia Ui« pnipartlaa 
uf uliTugi'B F oroiypnr n. What b tbachsmlal compoaitlanat Aioll IIowdoH 
tba prupurUun at Di^Rea aHeet Iha Talaeof fnvIF What Iiasidor caibonF It. What 
an ihepraparUoBof hTdrggaoT UoadoHlltilil Id fnalF EipUln the origin of lluMk 
V. Wbttlanid aboBKbapnportlfoat ftial,lnn[allon ta klsdllBC « RrtF IS. Wbit 
Bra the two leadlBgclnnBulueealnbBrBlBgniatF What boMmoa of tha null t Wh«l 
la aaldof corboDlc acid F II. How It facl ehufed btlOn U U bBm*<t! In what dual 
burning conalal F BO. UpoD wbal dna* the haal de>eIop«d bf Riel depend I Wliy doa* 
bjdrfigaB (lie OBt mora heat In bflmlnf than carboB F 81. How modi waUr doM wood 
nnnlalDF Wbit Undtof wood eoBlaIn dumIT Bow mnch Id ali-Jrled wood? Unw 
d«»tb»pr<wn»of WBtarlmorswoodnirflialf Eumplat SI WkT t> itood uld bf 
meaaure. Imlead af welghlF What wood baa tha sraMt baatlninlaa T Vbat tb* 
leailt SS. What dNamituoMDrgniwth Etitiir IhtfBmwtlanofliudwaodr St. WUdi 
Ktrratnoatl!(ma.bardDi»ft«oodI Whicb tha noM hetMalal WhjIatblaF Whaa 
le 11 beat lobumaoft woodF WbjrF M. Sow does uw dlAir ftxm old eharoool Incom- 
poelUoo and iBbBrnlnfF M. Wbat It tbcorlfrlnofnUDerBloeal t Whj mual other hal 
bo and to klndla ItT Wbaltaald oftho bnraliigof aathraelUt ST. WhallabltlUnln■ 
eu•<«<llr UawdoM It bimF FatenalF Cohef What ara liaquOIUeaT WbTlalt 
pirforrMlo anthndtaF BS. What li llgnllal S*. ll»w do tb«M fbali eoapan la boat- 
Inn iK.-vcrT vn. Uow mneb alt U reiiulrod (u burs a pound ot obaKoalF Of mlunl 
euilT tL What lewldof iWiHofelrlncqmbaatlonF 

F*Bi BS.— X AIB CURBEirre— ACTION A!ID MANAOBMBST OF OHIHNETB. 

n, Wbr data Ihe eandla Utnia tosd npirardT Explain the dranihl In eUmuj*. M. 
Wbj baa a tall cblmaer a itrongoi di*u(hl thaa a abort one F What sondlUoBa laesra 
■ TlnlcDt dmigbtl Within vbat limlti moat tbtae «ndlUone bo Tfatrtetodt WhjF 
St. When and bo* doroaind canH nhlmBajpa to amukat Itow laajlt b« prolenlod F 
K. Why ill) new eblmnejt aomrllmn amnkoF K What trouble oltan oocon ftoin 
eUlmnsri on tba Mid able of a bonio F H. How maj- it bo ihawn tbat air onrmtt ar* 
Tory caalljr aatablLahod F Wb^cWUMttheoatTCBIfroiDallntnTBinlwoSaaatlttUMl 
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M. HowiiiajoMflliiiBMjOT«ipo%«r aatthflrf !• fkera a^f viBadj te iMh a iteH 
ofthlnsif M. Howtlioiild fliMteateitBgoliliBMiJ* btnnagedf Whatlitk*i 
of kindling* fire in aa upper room, wheothei«i«BOiM below f la tke lower roei 
there is none eborer How ie this diflloaltf el>Tfailedf 160l What leenlte ere ept to 
flow from lerge opening! in flrepleoeef How ahonld the thraet be ooBetmetedf KM. 
What Is the most common erase of smoky ddmaejif How ere doable eursBts hi 
ehinmeys cansedr Whet wss Dr. Frenklia^ plea ftir lemedTl^ tUe dtAeaMj? lH 
Whet Is said of currents ins room effecting the ehlBUMjrdnai^r IML WhatlesBekef 
How is its weight shown f Whetlsseldof the lUttag of smoke ia bad weather f WlMt 
of watery Taper in smokef 101 How doee smoke vary la eemposltloBf 

PAOa eO.— XL APPARATUS OF WABHQTO. 

10&. Why are the efRMts at heating on the atr of roome not meatkaiad lieref IM. 
Uow do rooms lose their heat f How may mach of the loss by wladows be preTcaleif 
107. Uow do our bodies warm a room f Describe the experiment. How doee a erowd 
affect the air f 108. Befbre the time of chimneys, how wars looma warosed? 109. De- 
scribe the first flreplaoe. How hare they beea imiMroTodf What la said of tae Jamhsf 
110. How does the open flreptoce warm the soomf What beeomee of the heated alrf 
How are the different parts of the room heatedf IIL la what two ways does ftesl gite 
•ut heatr Why is the open flreplaoe so wasteful of heatf How maeh beat la lest la 
thoee best constructed? By what means may It be improred in eoooomyr 111 De- 
aeribe the Franklin stoTO. What are its adTaatsges f IIS. Why will a amallor flreplees 
do for coal f Why is the coal-grste more eeonomical thaa the flreplaoe f How shoald 
it be made ? 114 What considerations determine the fbrm of the ftont ? In what dote 
the art of burning fhel in grates eonsistf What is said of the depth of ftiel in the gratef 
IVk What Is said of the diiFerent kinds of grate f Describe GoIsou'Sl Franklin^ 111 
Describe Dr. Amott's grate, and the mode of using it What Is said of the idea of boxa- 
ing smoke? What should be the aim? 117. What is the objection to placing giata 
Tcnr low? Explain Fig. IS. lldw How do stoves communicate their beat? 119. What 
is said of difforent materials used for making stores ? 120. What Is the principle of the 
self-rrgulating stove? Describe it 181. Why is the alr-fl^t store not eoonomlcsl? 
What was the result of Dr. Ur«*s experiments ? What is the most eeoaomlcal mode of 
getting heat fh>m friel ? 122. How is the heated current trvm the stove aflbcted In pest' 
ing through the pipe ? How do elbow Joints act ? Why is little gained by extcndlBg 
the pipes greatly ? 128. What are the moot desirable qualities In a store f 194. Whst li 
the plan of the hot-air fhmace? What is said for and against these fhmaeeof USL 
What are the disadrantages of sending streams of hot air into a room throagfa a register? 
Where will the coldest part of the room be fbund ? How has the air been Iboad tosr> 
range it»elf in heated rooms? 126w Why are we not readily warmed by hot air t Hev 
Is it shown that hot air may be made a source of cold ? 127. How is the prlaeiple of ths 
hot water apparatus illnstrated? How Is water adapted for heating? 19& What ait 
the two methods of heating by hot water? How do the results obtained fkom them di^ 
fer? 129. D«ecribe the construction of the steam apparatus. What Is said of Its aeUoa? 
im. How are these methods of warming In respect of danger ih>m flre? m. What is 
said of the origin of flres in London? 181 Giro the chief adraatages and diandraat^iB 
af heating by the flieplaceL The store. The hot-air ftamsosL The hot water ap> 
paratuSb 

PART n.— LIGHT. 

PA«aTl~L NATUHB OF LIGHT. 

181 What Is said of the meaas by which ws gain a knowledge of the OQtwardwQilit 
181 Bow do tight and darkaess alfeet the nsind? Howls this fflastratod? ISl'Whsft 
theaaelaat Msaof ngkt? 181 What was the first adeatlfle axplaaatioa oTIIghlt 
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US. Wlut la MllHUna < 
^•bttqiia nr I How Dur IMi 
>t nAMta ttaa llcbt In 
■ppMt behind Um «lMt Huir doH tha tmm ol 
1*1. Whit would be tha eOael of |wrte«l ^lollah 
Oostiiiat Wfafcta K ahmar hIiIU paparbci 
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II. OEFLECTION OP LIGHT. 
ghtr IBV. lluirla a parpfiBdlDulu njrtOeclddf An 
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FMia(S.-IU. TKAS3U16B10N OF LIOHT. 
' Ml VbM la aaldof paafaatopadtrl Ot pnfnt trawpanacT T Wbat dspLb of air 
nli'a lifblt OTwnerr MI. KtpUa nftutlaB ntUgbL V/ttf 
aeo M lUalartlaa I Wban light pasta <hiai«B« mwllDiii In m- 

-llafliMtodr IM. SipMa fflc » What la nuwnt br IbiIh of nlMcUop t 

fto Wbatualaaaeal a«w dv lb* dllhHOI laaaaa «Iim«» lb* dlncUon of ll«h( I 

PAsiftl.— ir. TUSOUT OK LIOHT— WAYK-UOVEUENTB. 
WhMlallRhtr ISl. Wbalei>mplHancliBBoriialblawaT*.«HiUontllut1il*r 
IIow la aDund cvinioilfilaalinlf Bow la it abova la ba vibniarj nioUonT lAA. 
Vbat eauH dUliMBea of pllcli la aoondt t Daaotlw fta'arCi nulilBa. IM. Wbal »■ 
aalU war* obtallwl la nftimea to Ibamonical aolaF Hnw la a imlwB pruAneidt A 
OBOurdt Adlaooidr US. Wbal la awimad la tba wan-tfaoorx of llgbl) What la 
uaaat bf waTt-laggtbr ITawdo tba waTa-lvBgthidlffiila lbs lUffiiMBt n>lan t IM 
HBwItlbDBEmbcrDr pulHllnni nf Iba rttlbaUi aHOindddoimlnMlt Wbatlxridw 
cmllbllllr of Ibaaa ataleimnur 



I-xaa a».— r. OOUPOSmON ASD DIFLtrKNCK OP COLOB. 
16T. How la tba Mlu •poetmn preduead r Vbal la II lonpeaad of f KxpUa FI*. 
IM. lluwdDBaN<wlaB>i|>laliioob>T«daiirfUaBF IM. Wbal la Bnwitar't tI>w of 
iinim|>o:itllaa of oDlon' Eipltig #!«. U. Pit. IT. IM. What »» omiplaaiBnlafr 
lunr Ilowan thiir aboirabj tbafl(unaT UL What ■» toBMof oolorr Mbadaat 
n>ar Wbal la a aaal* of oolon • In. Wbal atabacif IM. Klplaln thtfbnmalU 
-d*. iBwhatlwowaraaMmlsnaHnlatMnodlBadr IM. IIow mar«i)r<9l*«Mr 



l«. V 



oBlnatr in. What an tu 



HodlnmT IK Wbat an (nral Brawiar Pan «al«nr Bnka* 
■ IH. Wbal b aUd of B*<Ila( part mlora la pnMlMt 1I& What la *bM of a 
acr IsoklBK Bi colorod tlulbar How nuf tbta ba laiUad f Whuanthatwa 
uf mult aant ItL What an mlonl Whaldowo owae bf Iha (ipn^oaa, 
l>«Uiu-,'-bl9odl>ivl'f pKiaUilailaw.whalmltblwaaiqHoir I M. Wbal la 
thdrimUoaaf ImpioaluBBupoalhanllBar 111. Wballa tha*irMlc>rra>lB(at 
fbraainaUmal How U IhUctaltr tbownt ITt, Wbal laiald of thaaliuDUana- 
liowwarniliinnpoDoaahollMtr IIow la It iiplalaadt ITO. Whilli thaolhvt 
iBitrlaM bMdofrKtil BHldauraaor ttHldaUaal What la Ibotaw of Iha 
llDBii'anofODlonl What lathtaSMIsfplaiitBOMatbrthBroUowagalal IT4 
bFI^U. IIow bthb (Will awHOtod lor r in Wbal doca (uod Una ■ILcUla 1* 
ilnfoolonT What an the 




I 



fAailOt.— YL PBACTICALSrOGESTIOXSINCOHBCnNOCOI/IBS. 

TL IBl. Qgviin OcKpriniJiiIa HppIM to dnsf 181. DtsoUh the csmpleiioa 
•flkablDBdtT Of ths bruncIU F What eolon init Cha Ugsde, ud whj I Whd Ibe 
tnUMwaf IS*. TlutliBld Df UmnniieeouatarSoiriiraliitbcinqoetf ISL WlijrtK 
dut ^perhui^ii^ bud I Whil l> the objcotloii to ndudTioIet? To anDgeuid fti- 
iDwT VhilH.lonue»»mmeDil«lt What lnaldofthoNinleiT t»CL What lu^w. 
tioD vo ElTenconccnting pklan) ftuouT Wlir>r» black friaiHO^Jeclid Cot Whu 
•liMild be lb* grauiH} Ibr gHdlBg f li<S. Wbat U Bid or duk nlond flmlturs ! Ofnd! 
OfaelecllnEdialnaDd luui^nE>t Of trtnunlng ehaln ud lolu F OfthieujwIF 

PiailOB.— YD. PBODUCTIOSOFAKTiriCIALUOHT. 
YIL IBT. WlmtafolhaMnrwiuf aatumlUghlF Of arlilloUl Ughl F 1E& DwiritH 
I>r, DraJKr'a npcrimeDt (kowLng tba kIsUdd bttwogn l[^t aod temptntont lift 
IIoir la all oar lUumiwitoii prodiiMd f What prmuM maBt ail nibitiuiMa u»d la Ugbt- 
log Dodrrgof IM. WhaldtmcBUancDiplnredliiUlaiiiliialjDDT Whlfli banu Holt 
Whil haptxBa ^ ^e Mrbnn 1 tuL How nu; Ui«s hcte b« ibami F m Whii !■ uld 
dI ths lavB of UrmnloaUoo F What la Uui oSltv vt ol^gali In thla proHHT Vhj li a 
Mild neeHKry F Why mnal lhe»elen»ntabebonicil«iu«B«ifiT«llf lOT. lawbitllirM 
furnu an lUBmlaiilliiB igbfUscu used I IH, Ftou wliat an calidla mado F Wbal 
kladioTUIlovanbeitF BiFW9baiil<l tbof to kiptf ltd. Whatla tha ooippaglUao oT 
lbs btt and oUiF WhaCan ttaa propartlasofitcatlaeuidleal IM. What laHldaf^Mi* 
iBBCiiUcuidlHF Ofnit lar. WbatliUxinaa of UianDdlowIakF Daw ts tbc barn- 
IneanlHloB? 1S8. BowlathoBaniii abown to beholloiiF What li «oiitalngd Is Ibt 
daTtipugF WbatcnuHi Ibao-larDfaandlDjoslblowiioDlF tW. Hov ti Iha dmo- 
illy fixenunliignbawDF What of plalWd irlekit IKKl. Why cannat Ibawlckiiratallov 
omildbo iloriddFF SOL Hot an Uqulili boriuH] F Wbj a» laifa irlota [a lanipa aptto 
amokaF SaKrihe Lho Ai|nadbutD<irF Vhat arellsadvanUgos t aoi. Wbacbtwiee'i 
ImproTEiQuat upoD this huup t DCKiiba Fig. M. What ti Iha paint to tw muidend 
InuiaoielDgtiiBliIiuiipsF 103. How itiould tba i ... - 



nlainpaF la thaOarael lampF 



L What 19 



la graat dllZlcaJtf 



tba Ailnl aod Bliia 
In ulDglKnpeF Whatwi 

MO. What oQa an chlcajr ued In lampa f SM What Is cunpliono F Vbatanlti 
artin F nl. Wh; moit ptonllar lamp* ba wad to bam oU of taipoDtlso t Wbat i> Hid 
DftballgbtfiDinompheBsF Why bi lU lUma man laminau than thai of oil ? UK 
Why niuit it ba saed ftubt KH). WbM U bninlDgauldf Wbal 1* add of Udi anb- 
atanoaF na Vbatpn^rtlei of tUaaabatanwlaadlDeiplailoiB! SIL How a» nwM 
aeddenli with )t oflaaloDod I What caoHa tba Imgnlaritr of Iba Ovoa t BavaraUH 
lauipiiiiiidD»n>F 111. I>e9nibs Nawall'a lamp. U& What li Kerosens oil F What 
■nlliadTaEtaguI 314. Whatlt anldof SjlTlsidlF SIE^ Wbnt l> Bald of ths eoiuaaip- 
llonsfgur IIS. WbatlaltehlEBrDiadDfromF UT. Whalua thDpr<■lIllna<>rllu■dl•■ 
tlllaUoD of coal t ail How la tha ^a parifladF IIS. Wliat iilUeempsiltkial WbJ 
oaonot thnaa gaHa be bnmed aeparately F tlaif dou Ilia gaa differ aa Ibe pnacM of dlf 
tlltatlDn gi]« dnraidl SaO. Hov la gu nuda Avm nil F Fmn ntloT BoKdaaall 
eBinpaie»ltti«iaIgulnerpoueF 191. Explain tba gu metar. Wbatdoaalt IsdlsaUt 
CSa. DBMrfbe Ibi pKHBU gf burning Iba gia, What if than 1> too llltla or too mad 
Blrt Mfk Doaatbelsngtb of the BamoinikBadliranncain thaU(htF SM.WhalDb- 
ketiona an nrged agslan tho OH of gaiF How do tbo loiulltDsBta of gaa dllFUlBtUt 
MQwstF W. WlHBgaaliaoaheapiiFhyli theto no Bilng la IDOHt SMLHovd* 
Iha tnbaa bMonw Dbatnetod t What caoaoa lbt> jBUipIiiE of UallaBior MT. tavtal 
J^CMUgbt bamaaninidt U& Daurilia tho photomalsr, Ftg. U. 1 





r 

^■<«*nMlwd oa pnetled idnaUcM tUm thitt Wtut liu bet* pia[MwdI 930. Ol» 
^^■Ik* r«ulUu(th*«ipirliiiuiUcrfUrai, Of Kxut. 

^P P.a» IM.— VIIL BTBDOTUBK ASD OPTIOAI. rOWEKS OF THE Ei"S. 

^B ' MI. WlutliHldorUHejr*! Whj li II trMlDdoI harsF Wi. Dwcrlbi) tha nwU ol 

^H'^«7<|. WS. WlutltttitpvpUt UHCTtbi the triiud lUanttxii. «H. Wlut )• Uia 

^riumUUlDuleur Ttaa iltrMiu bsBiac I OU, Vhil U Uii> rtinrnlil «n>t I Tlu pffBtHt- 

vmnigrtrnt IM Saw bUcopUourrgtniToandcaT WtulkthtnUur Juab'* 

mcmbnaet VT. Bow b liilen piodnHd I Wbon liIhilmivlMviodt Whttlixld 

at Hit toBch rflhtntlnil ns. IFhMbtbaiiUcatUialmiigSDrUw Aill hmob npoa tbs 

nUaif Of k MB TO IodIuii kl|h It 4g n»i dliUDM t SW. Wbat b lh« dmnaca la In- 

Uiullir bdlwMB annual ud KunnUcbtf BetoMD lanllgliluidtlutiirBliiual SID. 

~~ I (houlil «• ■Told mine Ui« *t« f Ml. Wbj b dot*! i«dUif warn lot tbs ■)'■ 

inn ntJMb t What oUiu iu|p(uUuu ue bikIi Donettnliig nvdlng tutiib I 

P*o» BI,-IX OPnOAL DEifBOTa op TIMOU. BPBCTACXES. 

•O. to parlkH fblun «bar> b Ih« liUfs ! VUi wodU G)1Io« IT Uu sro *« •• i>«td t 

'~>tbltiaUuiUatp>ifti><irblaaT SO. Vb*t cmm hHl|hUdti»r Whenb Uis 

ftfarmtat WbjrT Vlijr do Uu Ibr^l^lHl ut*r MS mlnaU objicb veil I llnw 

hsrofteD tii«lH(«UHaUiamI H4 Wbat ll tb* IMd*d]r I Qow du Uicy tcl t 940, 

il dInnllDU in glTm Air maiuflnc hMlghUd iijfl UA PHOritM tli> Duir-tlghl- 

•jt, Whf oDibdrt-dghlwl prcpplaaDu «iUi ■ waakllgbtt How may a<iU4l()iUd- 

[ Aiabtpraducvlt tloTtliouM tli>ruu>ic.tf(iau~>[cht«d,Diiuiagi th>ltar«towrmt 

J Bsdlfflraltrr t4T. UowdoiwDUTr (tun iMT Wbit illtfeUaiii'tngtToB tOTthatr 

r «0BsUonT Wlul U Mrrou Tiau4l«btAlB«H? Wlul b MtacMtr US. Uov iIimM 

f ^Tbit (re pebbla (luH> r 

PAsnin.-X WJUEIOUB ACTIOJf OP ABTiyiOIAl. UGHT. 
Uowdnt uuael*ldtnrfr«ni<li>rV(bl In nupgiiUoii T KO. How ntr Ihbb* 
F WL aiT«tllil<]flli*«b«aiuiHnudlBmDraluUoDlDaaDtdi!rarikD|ra[lly 
lifllfbt jlcldadbjlham. m How *n ooltn bflMadbjulllIel*] U«!itr SH. What 
MDr. BoukirVaiparilMbtr IM. How ira UwM efltocb siplalnad t U&Whitli^n- 
m faanll mtj bllew Mish uaa of tba •yaa f m. Row bar* Iha wlon at Iha apafrtniin 
tMBCbanelartititl Hov »■)' IblabaHrUtnadl 1ST. Wbat b ulil of Ihc dbulbnilga 
ifliHtUiniichUia>[Mlruait Wbf laartlfliiU] URbt nora bratlnglnthiaTHlbanauB- 
UfblT Vi. Wbr dawawoHidtaufliiipDraUKlittluBuirDthiir) HO. WbatbaUduf 
tlM aubcBla Md pi*diiet4 hj trlUEbl Vfbl f MO. What b iha oljtellDB to u sHtikdr 
llllitt ITbTatallia tirUUaM af (•iniui IkM liaa Injuriwr Raw don rMd1II( U 
Iroad an »ffeel Uw araa t HI. Wby do *a Bat Ma Uw nwiMi In the daj' Una T Haw 
■• Uili (i>|itr IS oar n« of anUMal Uiilit f How can wa pmra tlul pnUnlliMt lU tf* 
■ ■MbaiolileHaoiondbUDatt ML Wbil doa* Dr. Haokiar mpart bd Iliti polM f MB. 
"BMCrtba Lha irmpUnu l&U bu) U(M prodOMt U Um afM Md. Wlan Iha dfaaaM b 
■ (bo Mrr*, what u* tba (jisptoiu f ML If tbaaa eoDUnDa, wbal otban an Usbla la 
\ tmofwt ttt. WkMbmuoroabt Tbitbiddarilt MT. irhaiu*nKaliDt4aattoU.» 

rxamUt.—Xl. UAKASRHENT or ABTIFICUI.UaHT. 
W. Bmrdo«raaBdRlMihidcaa«HillhaU(btT Ut. WbaaiboaldivaaatonbaaMlt 
L WbatbaddufUaaabaiWI ITI. Row BarlbaaabamHlat in. UawibootdUiaj 
Bolondt ira. 1n»(baaJdaf*bUa(liM*Uii)aa]>l Of Iba lua of Iba wu« ftoU I 
I, Wbjraraeobrad RlaaH^ InapaaUdlat stfaattoaaWaf ITl. !•« 
■ I U W>i»«»p ll ItdaUt wmh ui»M»n 
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PART m.— AIR. 

Pa«x 15a~I PBOPEBTISS ASD C0MP06ITI0N OF THB ATM06PHBS& 

971 What ooB5ldentioo8 lead us to regard fh« atr vlfh amaaement ? Wbat rfew gl mi 
Ita stni deeper Interest? S77. Wbjdo wa BottlilnkoT tbaatr aaaieaUtjr Wbatfe 
•aid of Its weight? How does Its pressure rary ? f7& Wbails the velglht of a eoHs 
foot of air? How numj feet are In a pound? How large a room eontalna a ton? fflL 
How do the Tarlations in atmospheric density aflSset our bodies? How oar minds? Whj 
are inhabitants of low, marshy places much affected by a ti^t atmospliere ? 180. Why 
must we study the chemical properties of air ? "What is its composition ? Explain Fl^ 
08l ISl. How do these gases arrange themselrcs? What Is said of this proTislon? 

PAon IM.— II. EFFECTS OF THE CONBTTTnENTB OF AIB. 

t98. What are the properties of Nitrogen in the air? 888L What la the office of «zy- 
gen? How does it get aoecfls to sD parts of oar bodies? S81 Whatlaitsparposeinosr 
bodies? What does it accomplish in the brain? 8S& If the proportioni of this gusn 
tnoeased or diminished what follows? SSC How much moisture does the air eontaia lA 
different temperatures? How Is the Incressed capacity for motstnre as the tc mp er a tis 
ascends, shown? 2S7. What is the effect of cooling saturated air? How la its dryli^ 
power determined? Where should the openihgs be in lanndrles? Wliyt t8& When 
Is the dew-point said to be high ? When low? How la it found? What ia Maioali hy- 
grometer? What results of ohserratlons in dIfliBrent places are giren? S80. Whatlssrii 
of moisture on windows? Of double windows? 290. How does homidlty Tary with 
seasons, climate, hour of the day, &C S9L What pioTislon is made for the remorsl of 
moisture ftom the body ? How. much Is giren off in a day ? How ia this process afltelid 
by damp air? What bad consequences follow? Describe the slroeeo. 292. How dsts 
dry air affect the system? If very dry, how ? What is the Fsrmsttsn ? 29a. Whatais 
the sources of carbonic acid in the air? What are its effects when breathed pan? 
When mixed with air in small quantities? 294 What per cent of carbonie add readen 
the air dangerous to breathe? What Is the effect at retaining it in the body? What 
state of the air does this? iSS. Why Is it found in the air at all ? 29ft. What follows If 
we bieathe any of the elements of the air separately? What is aald of their nnmhiasi 
action? 997. Whatis Alotropism? What is Ozone? What are ita effects ? 293. What 
la the common idea about dectxldty? How is electricity dereloped In the air? Whsi 
doea the air contain most of It? What do we know on the sul^ect? 

Pao« l«3i— m OONDinOXS OF AIK PBOVIDED BY NATUKK. 

299. What beoomes of the carbonic add thrown into the air by resplrmtloii? Wkl 
ether imparities does the air contain? What Is sdd of their minuteneaa? ML Wlf 
should not the dwelling be situated low ? What is the effect of dense foliage? Wl^h 
the best soU around a dwelling? WL Why la night air unwholesome ? 802. Howa^ 
the air differ in the different stories of the house? 808. How does the ntmoqkhcTe i^h> 
tain iU purity? 894. I>o these remariu apply to air withindoors? 

PACn 1«8.— IV. S0UBCB3 OF DCPUBE AIE IN DWELLINGS. 
801 What is the effect of breathing and combustion upon the air of rooms ? 86& 
What is said of the leakage of air-tig^t stores? How is it with sll stOTea and ftimaft 
8D7. How do rery hot stores afliKt the air ? How is this explsined ? SOa What ndr»- 
tag« hare frstes and fireplaces orer stores? What is the consequence of hcwttng fhi 
air? Upon what does the diyu e ss of the air depend? Explain Fig. 71. Bow de« 
parched air affect the body? f^ow can this diffieulty with stores and A&maees bo ebvfr 
ated? 8M. What common error to nseatioBed? What is the true statomeBtT Wlath 
Ihealateef thtatrfhomtherentOatorefaervwded room? 81QL What la Di:. 



463 

tMUmoar nn Ud> palnl? B1I. W)u( [t th* eotuUUoB of tb« ilr tB u imrMUIitcd ted 
KnoKrlii'nlWbluTstlcptlDllt Wbf uns Iti wnuiunU Duwin or l< r Wbsn (ka ill 
of InhiblMil roonu la not dungod, wbaldo wa HtT Xll That b uld of iD4n *lan« 
telng napaiulbls tor bmlblng foul alrF SI& What other uaidFaof Impnrtlj In houisa 
an mutloDtilT B14 What «lon on paptc haiglDia an pnlx'SDual tii. Wbsa an 
Milan Hum* or badger Wbf ilioDld Uicy te itnUlalod t 



9 oipoaed to Injnr^ 
rrqulrvtl tff Kuard DBftomlEaoUHtaf BIT. Hov doaa breathing bi 
vlJh ImimritLeaf Wlial nnudquanaa doea thla propara fbrf SIH. What wata Ibo 
tlrfiiDntanwt of tht cbnlora outbreak In Taooton worWMjgao, and what da Iher Ib- 
dkaiot S19. What fvlatlcn] bai beaa thonchl lo oxlat bttwoen Cko kind of Isparllr 
bieaUiiM]. ud the diMaH tndacedr What mar oecnr lo moduy ths lymplnnul MO, 

eDniampUon r SH. Wlul li tsld oC TonCllaUoD In r*«ird b> latant nnnalltjr r Wbal 
rccllDf »F1»til|>nTtUlullDIigBiDlhstit iJD. What tt uld nt Uk nndrrmlnliigaolIoB 
Dfliul air upon IhshMltlit SM. Wbf moattb* mlndsatrrirat nniw bam bidalil Um 
Is It i(r«ted t 

Pioa 181.— VI. RATE OF COSTAMIS.ITION WITHIN DOOHS. 



Why do the ealiou 



I Hon 



It to tatimate tlu amount ot ovcn 
wIlbdnwR bT eavbiuliOB 1 Bow doM Iba Mmboatlon of fiul dIAr ftnm hrMlUoc In 
lIsaaMaiipunlbeaiTT aW. Hawnptdlj-do sandlaa eoBlanilBala (ho airt Olllanpaf 
C>«l i^tt l». WbU IslaHon olato betwwn Ika daw-point of the air and our Indllr 
donftirtl Wbat oatlnatoa are flvviB f ML How Bnek aJr laflllated bj^ dha pcrvoD In 
amlnaUt What b laM of Ika eeanonileal aqxet of thia anljsct I ai. Wbalfalltnalr* 
are glten nf the affiTatfl prodtired open the air by a etrtalB uatnbrT of pomtna En a Toam 
efflTniitur Ilnwtilt InaflBalpnetlceT What laaald of alio of apatuuenu Id thli 
nlBllDnl »& llowdDpUhlaaffeollhealrartwmiT 



■ •mplnjwl Id print* leddoBi 



en a tarte Hale! What IOth to 
F<ir. n. tr »T»ral llghu ar 
UoB uf thebddf In [ModMInf aumnti t MIT. Kiplaln bnwltlalkal light wlBdowa p»> 
du» ennwlil*. Wmieantlan taalireDf Howla It In Rmmerr m Wbal ohuh ths 
all toarrahfeltwlf InlararaT Uoware UwlmparlUeadlalilhatHlI Wit) the action of 
wlnduwaaadBrtpllMpmrallfaUl Wbat laiald sfal*epln(gath*ftmTT SM. Xiplali 
FliPi IB and Tt. ahoiisf that ainpl* Bp>DlB)a do not ptodg** raiTMti. MO. Wkn iha 
eondltlniu are ehancdd, aa !■ rt(a. TT and ;i*tial hipymar WhrihouU there ba two 
op.'nlBC<r Mt Kiplaln FK, tl. Flf. B(L MI. WbeBwIU aa open dour or wlsdew 
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Ml What if Mid «f Te&tlUtloii hy boi-atr mwigMBeBtif Wkj b % flo* 
Whftt Ifl the great danger in tbU mode of TentUafloBt M7. How nraeh 
air heated from freexiiig to 90* reqniref How la molitim impaled to tho air ef fhr 
Hoase of Commons r What laaaMof tlie aaaal mpplyf WhatiaracoamoBdadr Ml 
How do the fireplace and air-heating apparatoa act to eombiaatloBr Whj eanaoC tib 
method become common T M9. How doea had caipentiy inflamioa fba pi og i — of Iha 
art of ventilation T 8S0. What four points should TentUation aaeore f What ia the xeil 
stateof tilings in these respects? 851. For what an millnet and wtrocloCh doon : 
mended? What is said of lowering the top saah In winter f of looTTea and other < 
ranees f Where should the air brought into rooms eooM from? What la Emema^ 
ejector? Whatmethods of admitting air are menttonedf BSL Deoeribelfjman^YM- 
tilator. 858. What considerations naturally lead ns to make cpnUngf in tho upper por- 
tions ci oar apartments? 851 What is the praotlcal diffleal^ with theaa opealngBf 
How maj this be aToidedf 86Bk What, after all, moat be the main rdlaaeef Whrt 
dilfioaltj is Amott's tsIto designed to ohriaur Howdoeait do itf 891 What la asUeC 
Ita Talne T 857. What use are chimneys in snmmer f 851 What la aaSd of the aetloa «C 
additional fines for Tenttlation T 890. Whj do tho bedrooma reqniK ipoelal care f How 
do we generally find them T What can be done f 860l How may gas-ui^t be Teatllatedf 
Ml. How may cellars be Tentilated ? 881 What la the present atate of the ait of frnt- 
tUatlon ? Why Is it little surprising that U should be so? 861 What is tho mala ob- 
stacle to yentilation ? Why is it bad economy to neglect it? 



PART IV.— ALIMENT. 

Pjlgm 205.— L 80UBCE OF ALIMENTS— OBDEB OF THE BUBJECT. 

884. From whonco are the materials of the human body deriTod f By what agenelsi 
are th«y wrought into food t 865. How is the subject of foods to be considered f Whst 
are simple aliments? compound aliments? 861 How are alimentary princlplea dirldedt 
Which will be treated first ? 

Paox 207.— IL 6ENEEAL PBOPEBTIES OF ALIMENTABY BUB8TANCX1 
1. Pbikctplxs ooirr Aiif dvo ko Nitboobk^— 867. What is a solution t When doea wakr 
dissolve substances most rapidly ? When saturated with one, will it disadTo othnrf 
Give some examples of the extent of its soWent power. How does heat aflToet adntiw? 
What exception Is mentioned? 868. Why should solids be crushed before aolntlast 
Why placed at the top of the liquid ? 869. How much ammonia does water diMolre? 
How is soda water prepared ? 870. What causes the difierenee in natural waters f STL 
What are the contaminations of rain-water ? When Is it most impure ? What ia said <f 
snow-water? 872. Why are boiled waters flat to the taste? 871 When does water pa- 
trcfy ? 874. What living bclngx are found in water ? Do they exist In all water f Wh^ 
i» Raid of acid and alkaline water? 875. Of what use are these beings in water f 811 
Describe how rain-water becomes charged with mineral matter. Oire inatanoea of lb 
varying quantity. 877. What are the minerals in spring and well water t When wH 
water dissolve limestone ? 871 What is hard water ? soft water ? 879. How may 
act upon lead and not be injured ? Qive an example. What i#the olTect if mnch 
bunio ftcid be present? What kinds of water should not pass through lead pipea t 
li said of iron pipes ? 880. In the absence of wells and springs, how may we aapplyov- 
eelves with soft water ? 

Starch.— 881. What is starch ? Where Is it found ? How may it be separated f 881 
What substoncos contain most of It ? SS3. What is said of the size of the aUrcb greim 
In fiour ? How much do they vary in size fh>m different sources ? 884. Describe thsif 
appearance. How do they aid in detecting adulterations? 885. What is ssifoY m 
What b tapioca? 887. What b arrow-root? 888. How b eom-starah obtAtaed f Ml 
What b the oompoAtio^ ot ita«dix1 
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i, Uuir mar >ugu be prndaUKl ■rllllcliU)' I BK. Hnr U 
> tllo but lionef r Wh» Lt lUumpiMlUunt S«3. rrum 
whcn» ilu wi fi aoe ngtr t SW, Stsl* clenly tb« diaanDog la oclglD of cwia und 
enixi mgiir. S»I. Uo« do Ih«r >lIEb[ ■■> niupoiUiaa I In Ihalr pniwUia r WB. Wkat to 
UusdIff.'niiculoU>i[IH<1aMUly? In Ihelc nrHlmlng povu t WS. How tobiDWDnau 
cblalDsdOumUiBdotjDlHt 4M. WtutdDHbrovDHiguaoiulitoIT Ml. Wlitt l> aatd 

I Whid wsUlu mHI t Wg. Vbx K didImm ? Wbilin lU properUHT Whit 
I tn tliapa nod iBnuluHug moUHMl 4M. Haw li taiar rDflwdl MS. Huir t> oud; 
~ ~ umdalUnUDut Wlut mhrtance* vg gwd In cuUtliiK It I 

I ylu(U■>l<ln^llll.nlt «». VlMtduHDr. IThhI Hjr oT tbo du«>t vf lulDglhemf 
~ 1.— fiiT. n)uit*r*U)*|>niparUuaribagaiuT WO, lIowinii7(Dmb«DwlBarU- 
Whit to dutrinir HO. WIM to Um eompoiiUuD of runl Whit to lU 

^tlU«l VlllW I 

V m tha oUa dlildid T What ar« Iha |inv«Uu of tbi Hud oltol 
i {p(U>« tototllaoltol 411. lIo« m th*r oMiliwdT Whit to old uf Ibrlr wndiUiHrt 
I ax Olro th* pnportloD of al); milUr U> loma of tha laiOlw arUaha of dtoL il& 
I ]f tit li then reuuiluble In Uiuli ohtmleil soiopoalUDB I Foi vhu do Oitj aaam apo- 
lif^fidiptadt 

Tu)i»>Li AciiM.— ttl. In vhit alM* do lUldi altot In plooU t Wbit to Ihalr aoB- 
Uuo, tbalr nulriUtaiiliial 410. Whil to millciddr What to Iha clfecturKiilIure 
lilt tid. Whaltoallrleicldt 4IT. Wbara to UiUna uld buwl I For whit to II 
II «ia. Vhal in (bo pn>twtUf« of aulla add I (ID, What to pntla irdd! Whit 
lb pr«p«tla>T I[uwdo(abolUa«ill>clltl Whit to iild if J<iIU>>i lod ]uiu t «». 
' Idr Huv to It Hill/otitilasdl Whitklidian 

•t|«<iadl 

(CIFLH DotnttKiiia Nmoanc.— 411. Innlut tona ira ir* lU Ihmlllu with 

' How Dliy tCbv If pirntail Ihm tbs Jnloi ut pluUI Whir* alia lilt (bond f 

ttolUwRipiialtiinit 4in. At whit lampentun doaa It wagntout Whit 1/ 

ofdllallnfltl BywhU olharmHDtmij ltba«N«uliladl 4M, How mif 
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•IflbiiBT lIa*tolti>Malaed[>ii»r Whit to tU appMnnni t tlnw 
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4«fc-oolor«d floircn dWMrfa MHparfliflif 
If Mid of •TapotmtioB froni wliefltf 444. Hoir doot ags ; 
ftffect tto oomporitfoBf Wbj ihMild ft be onidlf eooltd nd ditedf Wkjitfriiblf 
fitmnd flour raeomiiMiidedf 446. Wlutit ftrfaaf IflMi are ila proptftietf Cenpo- 
•iUont 444. Whet ere the mlaena eraetttoeote orwkcatr Wkkkiethemastabvadeirt 
and oharaoteristio T How are they diflToaedr What ia aaid of tkcir impovtaBeer 411. 
How does rye differ from wheat? What la aaid of ita hnakt Of Ua glvtaBt Of tti 
analjeUr 44a For what ta Indian eonidiatiBg«Bhadr Wlait la tta eompaaitlon f W^L 
la lamp t Hominy ? Why doea it not keep well when gnmadf 44ft What la aaid «f 
oaur For what ia it distinguished r WhatlaiteoompoaltioBr WhatlaovMaf Why 
haa the meal a rough taate? What an grits? Howantteynaedr 46a What la the 
eompoaltlon of barley ? What ia pot-barley f peari-harley? 451. For what la liea re- 
markable t What is said of it ? 4M. What ia aaid of buckwheat t 

LaouMiMova BBBoa.— 4S8L What ia aaid of the nutritlTe power of peaa and beans? 
What U the coroposltlon of peas? Why cannot their meal be naada Into bread? 4Mk 
What U the oompoalUon of beans? 4S0b Whatissaidof theaah? 

Fncrra.— 45A. For what are fruits prized ? What is their general Mmpoaltloii ? How 
doea ripe differ from unripo fruit in composition ? Why do they decay ao ea^y ? WAt 
do we know so little of them ? 457. What ia said of applea ? What blaeka the knift in 
outUug apples ? What is the proportion of water to dry matter in ap|dea? In'taieloMf 
Wiiat is the dry matter of melons composed of? 

Lbatbs, LnAFSTALKa, KTC.— 4S8w What ia aaid of leayea aa the food of animals? 
What of their nutritive qualities? 459. How much gluten does dry cabbage contain? 
How niueh water does it lose in drying ? What is said of its decay ? 460. What are the 
proportles of lettuce lea^'es? Wator-cresa? Horseradish? What ia aaid of gmeniT 
What la the composition of ihubarb stalks? 

Koi>T«« Ti^RKsa, Diaaa amd 8nooTB.--461. What is said of water in the potato? 
What is the average amount they contain? 469. How much starch do thejoontaiB? 
llo\^ lUtcs the time of year affect the quantity ? 468l What is the form of the nitro- 
gv^noua mallor in potatoes ? How much do they contain ? 461 What are the remaining 
c«uwMtluents of the potato? 465. What is said of its analogy to the graina? What is 
a»piinigin ? What are the results of the analysis of its ash ? 466. What b the proper- 
tit^ \^ nutritive natter in the onion ? To what Is its odor due ? 467. What la the oooh 
p(>*ttloa «f be«ts? 46SL What do we know of turnips, carrota, add paranipa ? 

iViirovKn AuMKirrs— Akimal Food. — 169. What are the chief constituenta of aid- 
mal diet ? 47(1 What is fleah-meat ? I>e8cribe its structure. What is its eompoaitioa? 
How much d«H« the quantity of water vary in flesh ? Of <dl ? 47L What givea flcah 
ll»itHlc\4«u'? What b the Juice of flesh ? Whatdoesitoonsbtof? What are ita pro- 
|««rtt<^«? What b kreatine? Kreatinine? 472. How doea blood differ tntn flcahf 
What t» the ^Mnpo»ition of bones? marrow? Skin, cartilage, and membrane ? IVmgna 
a»4h«MMr«? Uvvr? Brain? Stomach? 473. Describe the eggsheU. What doea thecfg 
eMMi>t<^? What does it weigh ? 

Ui v«.~474 What b milk ? In what respect b it a aolntion ? In what an ernnbloB ? 
Whai b tt» upeetfle gravity ? Its taste when first drawn ? 475. What Is said of the pr»- 
l^vrtUxa tVT tt» elem<>nt» ? 471 How does the kind of fi>od consumed by the animal aflSBd 
h^ M«Uk* Why AhtMiM ther« be change of diet? What b said of the efl^eet of dilfcrent 
^««W up«\n butter? 47T. How doea the first milk after calving differ from that yielded 
alt^w»«\i? 4:s. )K'ha time ef year b most Ihvorable for milk? Whatclimnte? What 
wvatWr* What ^Oh^rcaoM^aro mentioned aa affecting the milk? 479. Howbcrsaa 
AM^t^ea » Wh«l «liM« it consist of ? 4SilL What advantage b there in skimming mOk In 
l(x« wr «t\ h%miT« after ^tttng it» and again afterwarda ? Why should it ba set In ahalkm 
f^^*^ What b mM \Mr tMMper«t«i« • 4$1. Hew b it that the milk hwt ismwm fr«a tta 
«^w b the f^eheet? How wneh will the first and last drawn mUk dUbrt 48L Tm 
(llMlllll^¥HM«M%iti*t4? Wtetbaaid of thavnhM of ita indkatianar 




Pia» 9M._I[I. CLTOSAKr CHANSES OF ALIMKNTAET BUB8TANCK8, 

B L Ooninio THiELUiiiin arBuiD. — m VtijrU IIid >rl «f oaoktiiE nomurrr 
L^flikt m tbr nUef ifsnU emptortd In chugliic Dor find T Wblt (n tliis tdvinUgH 
at abanglDf Um »»■) pilni Inlo biudl llov li bnid mets t Ilow U tlit proMH to 
beooBilderwlt 49&, Wlwltsbatitrt V'ttltt Dongfar Wtultouldaf Uin oumblulluB 
or mtorirlUi thoflaarr Wlul proportion otiiitvr wlllbigwl luw Id tbuniUKhdrjflucr 
Udw mDoh of Lhlt IwloDp bfttontlj' to HoatJ How mncb Mi ftbihtrWI Ip mlxLjigf 
W h>l klDdi ot Boot (baorb moat walar r Wbil la ttis unount HippoHd to dopgiii] 
DIKUil WbildieuDuUDcetiiicrrHathaqiiwitltfr 4S6. nhilpurpaHtdou IhcnUr 
irrvul WList It tho ultJH^t sf kaudiugt Wlitt li Hid at knndlng by mulillMrxr 
lli>i> mi7 waliiia« »haaili<ibrMd l(tuflldrnll7kn«d«dr 181. Whil It uld irf bratd 
Itom iliDplo flour >nd wtutt Wtul li hi'UmiiIIT Wbiltwo ImpsrUnl cbmctw* 
d'^'i lucli brud iKkl Hon majUiHg b« lupuUdr Wbat dimut ol flonr lukM 



<1 BffDCtod by wo- 



t. Duui aikuni IT FnxEiTtTioi.— «a& Whit ii UiaelTKturinal 
hpoti tha nltnpaltad ftUmanUrj prlndplaif Whil ut putraflkblu i 
Ilaw (N Ibo BOB-mtncMwu lUtiuDU In thli napHt r 
lAol vUh putroiyiD J ■abalHDOu T Wbit an fermfliiUT I 
W>, Wbal l> ujd of tha unonnt of ftinncBt u InflaaBdng UlB pnMea t Of lanipai- 
kiunF 4tL WlwlUluUouldtanneriUtloa! Tlnour AoMiut That ua ihi suo- 
dlilnof of aHlaiu IbimentaUon t VH. Wlul tuiiea If flour and vaur ba mlud anit aai 
uldo lor a lima In a warm pliea t How mar ■ '"" Tlnoiu (bnnenUUiin b« aaUblUbadr 
WbaliiniFktinadulltdl «H. Vbit eaiuaa tha rfilnf T tiair duat It tak* plasa I la 

f4U*tnisar ■llUniliof nlaadbrud? <H, Wbr lalcoeo wodr What ti uld of 11 ) 
& P*uruTuauD AonoKorTuiT.— Wfi. WkallsnialtT HovLi yuiit pmcliuwir 
#1. WhatlaUwappsanuwo oTjawtr W1»l te Iba cSkcI ol drylngT Wlal baa thB 
' Itr How doca It act lo dooiinpsH asgiHr «T, Iluw 
•ut ba moda at boma T 4D3^ How la yriaat taaA* (Witn pntato» T 409, What arc I]ja 
tlH ur hop flowora t What dm ara tbuy IB brovliif t MO. Why la yout ofton 
What la aald of DujchanlcaJ Iqjary ta yoaal f Uuv la driad ycaat prapar«l 



1. How 



ly lh« bl 









ng doDgh by yaaal. (04. W] 
iw may II bn raiaovadt atA Wbal boeoBiaa of tha ngar la flniir irbali 
! TbH. bo* la II th«l augii la (band la brud F UC lion loHsh aloohel 
l> losdoead IB br«d r WbH la aatd of Iha aiiaoipla to naro tl ) 

4. Kuaixa Daiiu vtrnont rBUnnATUui.-WT. What obJatUana Lara ticM Diad 
■mlnai hmtntad braadl Whii baalduT tbomt SUH, By what two nulhoda ta ontrr 
mvnlinl lirrad aaule r &M. ElpUlu tba ebaBfaa that takt plasa In ralalaf bnad wlUi 
blrsrbuuala of ■»]> and brdrvchlurto aiddl What ara toda powdiin t Wlial Mlwr 
pr<-p.ialtoa. ar.uu.lt Wbal l> tbedJAeultr olUl Uiem allr What la aald oT aour nillk 
mil Kidal bill. Wbal la Hid of aoaqDl-OHbauto of aodain tabilM bmadt Ml, Wky 
thnnld lhaa<iIllpaLui><a tnuaw) anlya«(w)ouUyr Ilowan Ihay adultanlwlf What 
ail'loalagltaBlB ihalr parrljKar Ml How I* puff paal> uada t HuiriLi *(jp (It* 
ll^lilDwI Bin Ilow li(til|nb[Hdmadat 

1. Ai.nBtnninFBaPDciBiH Banna,— ail Itowlabraad ooAmOBly bakrdr How 
•honld Iks oian l« nadat If tha haal ba loo craal or too Utlta. iiliat flillnirir What 
ta ika propar laoiparanm of Iha sTaaT Haw may U ba IuIhI) Ma, Wbal wclcht 
doH liraad loaa la baklngl ail What eanag* Iha anlUBg of tha hiaTT SIT. What 
ahai««aoaaiiilB ttooreatr ttow auiy»hanl eroidba pnraolad* DIS. What cbauitH 
tafBalUlMsf Bovly-biUadbMadr Wkal auaM 
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ImVrMd? HowitlUbpiOTtdr 17^1^ ftntkar b «ld of th« wiUr la ImtAf 
Ma Wb*t w« thi« qoaUtiM of food Vre*d T WhMt eondltioH wlQ Meure itt 

dw l'«wr«:«ca 09 vokbmx tratTAiccn nr Bkbabu— ttL How doM eommoB hK aMut 
^rmif W%ftttoMkd<»rtk*«M«r alamr OfnlpkatooT ooppart OHtonftU «# 
»im4»? ma How tovoattchbttdfloarprodoMdr How do thaM minenl 
«p<Ni «lt«r«d i^hiUa? U t^wo anj ba nnl w tabttaaoe that win do fko 
MOL U«^wUtiiiMw«UrinMlo? HowlsltvMdf With what NMiltf 6M. WhatvaMi 
«lte«t» uptMi Iho coowuntrf OttL What la tko eflaet of rica addad to wikaatan flovt 
\yrT«? Uowbl»Ilaac«rmehiaa7«aadf Wliat la aaid of Oimham bnadt Of pad 
dt«^* a:^ WkillaM.MiMiria'aMwtkaorTof Iwaad-OMklaKT 

T. Va^ vr.\miji r.^M«a cmASi««» bt Boiux«.— 0t7. How doaa boOiiig dUter fron feak> 
tUC ? doKk lot w**^! p«rt» of adtbte ragatablaa la woodj llbro fouidf How doaa boOlaf 
amK*t U* U « mv U bo cteo^^i to amtrttlTO mattarf Wkat la aald of AntaKteani 
aA^ra«M\C»« d9kk How diMaslrapdUhr from diaaolTadaosarr What la tho affMt af 
hiMftti»; awtt«a »u«ar W »!>* ? Of haaHi^ dry av^w to 400* f What at* aanniarataat 
0»». Kxt^UtiK rt|u lOOi ahowia^ tha hraohlBf op of atarch graliia. How do haat aad 
w«e«Nrtv)>c«th^rafl^*tthMit Odl. How doaa tha appaanaaa of a mlxtoM of atei«h aiad 
watvr cbAttic* br h^Mtta^ tt? WVaa aUowad to ataad Ibr aoma tlma, what doeoUba- 
OMiM* Uv>w oM^v tb« pcvaaaa bo hMtaaadf How la drj atav^ ehaa^sod to daztriaaf 
bM. lUw vKa«« vtarch sKNHir to tho potato? What nahea potatoea maolj after baOiaf f 
WH^B tfv Uk^v «a.V * ^^^ to aa&d of tha dlffwast mathoda of ooohtog thoaaf at 
W\« iti «^ wattfr r«<oABa»a«kd to ooo^tof ? Whaa la hard watar hoatf HowaMj 
9iMt %!ftCvrN» ttvtefobaraf Wtel T«(ttablaa eaaaot bo boOad aoft to hard watar f What 
a luu^l yfi tSMiitt^ miKnw ? 

S» Uv»« vwa^i^M* cnixgia Xaxr— ^34 What latha eflie«t of laodorato haat apaa 
|Nirv tiMit* vYatiU b^cbor bMt? How do«a boilix« aflhctit? How doaa haat alter 
aJ^uuK'U ? Uow Tua^v albaoMti bo tuod aa a cUriJ^io^ a^at ? What pn^wrtioa of alba- 
aK*tt »uttivv« w ttMJtv tt» ^utioa «^tid? How ia hX affected by haat ? 68&. How fi cx- 
trtM,>( K>t i*f»ii obcaittvd? What aro lt» proportioaf How may wa ehaase tho taata <f 
bocf tvibACoT ll>wt]' dSML Wbatbtho Ant afliKt of haat apoa fkaahmaatr la what 
Uunv w:^v« i» b<«t »(>piIfoa itt coohtogr oBiMt? How ara tha loaa a a to aaeh moda atatod? 
W b^« «rv to<v j^f^Mbfr in balltt« aad rvaatiay? dST. I>«acrib« tha b«at mathod of eeoh> 
bijt mvv*c Wboa ttf it uadordtMM f Wboa t^oita done ? Why should tha Ifaro ba hat at 
ttiYi(mbiUltti^ttadroaatitt«* »». Why ia tho Abrto naora taadcr to thia BMthad ? W^ 
bftiboti«Mhof voojii^ aatoiala BftOfo taaiar thaa that of old ooca? What la aald of tla 
«tao of tho pioco of «M«t aa naodt^rto^ tt» qaaUty f 540l What la tho otifcct to —li^ 
•iHipfk brvthts Jk«. * What la tho Nwt VMthod? What la aaid of gelatto to aoapt ML 
WhAC itiv LitfbiK> dlTooUoiia fbc tho pcvparattoa of meat broth A>r tho aick f 

% I'UKt* vK.\Tt\M<i i^xu raoruRuv or Bitctsb.— CSd What la tha affect of 
•kith* I'voa orvam? What b Mhl of thJa battar? ^& What chaaf 
aiUh and croam to char«itt^ ? 941 How shu«Id tho aotioB to chamtof bo 
14^ What b tbo Wa^ of timo ro^aiiod t>r ehoraiaf oiUh aad cream? H« 
ottoutttalaaoo aflfect tiko ^^aatity of tho battor ? What shooU bo too tampoiatora «f ^ 
aroam at tho bofpaaiaif of tho prvcoaa? I>i»oatt chaBfcdarto^toa dioratoc? 
aaKI vp^ tho uao of tho thonaomotwr ? MC To what b tho daror of hattar daa ? 
bi«»to.\turo? Wby bitdtdbroattothbToapoctfrom bud? WhatbaaU 
butcvr r iMT tho abaorboat «{iiatltioa of battor aad craamf Of tha ktod of fcad bMt ftr 
tho oattlo f , 

tvK PaarjLaATtotx xxv rao^KBTtaa or Ooebbb.— MI. What b tha cvrdll^ af mfih* 
What v^tMuwa it* Mi& How b otilk ctudlod artiiidaDy ? MIL What ia reaaat • H«w b 
tlaaod* To wbatbihiactioadoia? 990. WhatdMa tha aeparatad eazdof aaiXk^aa^bt 
of? Wbatthawhoy? Wtet aort of chaoao dooa pazo caaato laaka ? BowAaaatla 
of aUh ahaago tl? Whil b Mhl of tha haat imvfaTad to aodB^f Qim 
ofrauMdwiht 
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P»o« 18».~IV. COMMON BETEfcAGES. 
a Ano rnn-U-itOK or Tu.— SSL Wb«l I* ia*t How !• U» pltnt 
>H us Ills dllhnDi TWleilH pmlnood I K*. Wlut lim cIhh* UhM* 
Wtut i> tlie ru] UUK of iUlt*r*BU btlw«(n 
of •(«iDliivlUiiiriiigthwbk>T»l Wi. Olrc 

ilKk I«h; Kiplda lbs nsme, wiil glr« Ui* orijila of OKli of Uwo 
IIH WkMttUi* wBipHlUaB of Iwt Wbkli of Ibew an HluU* t Wlnt piDjiurilua 
ilu iBHlnbUr AM. Wtutli UxChliieH mitlwd of naUnc l«r Vital il«i lU 
ilKdUonosmuladJatow Uwbot mUiodr WhM li Ui 
Btlan at (MoMMaUBCr UT. IT Iha nUi of l« b« Iwt b« 
l«n^ vliat da wa (str Oaw ia It wmDMBlf f WhMT 
dcT lUKt rsllKutt What la aald or wlaUan In 111* OMipoalUoB of l*M baarinc lix 
uaw In uiarkdl now maji lbs (IuUd b* dlaMlndt US. How an Iba (tasa 
RiuDh idullanUd In Cblaar Raw do tba KagUab adulunla Mai Ha* omj tbaai 
teuda be datcoUdr 

%. Paarmtu* urn rtrnt^no* or Carrm— AM. OaMflb* tb* Mfa* tna aad Ua 
hK DuwanlbaraaiianUHlT Ml, Wbat 1> tba boat aoSka > How doaa II dlScr la 
pcannu fraui ulhat •aclalltol Ml. What la Iba minpialUoa of eana M It MOa te 
irlulT IMtl, Wh>itlalb<>affactarr<iaallii(ai»t)oalhc> Unwu* Ita bulk anil nlgbt 
tffectsdr ant What I* aald of tha InpoMinoa of oaMhil rOHUogr Ofeovarlaatb* 
M UmiiiinliinT M4 lloir rinea ago affest ooOaat Ilow la It oAaa 
llnwabauldltbaimni^l Wbat la aald of tba ftagranfa ut cuPta ? Of 
nlilDg J Wbat b l>r, DanoiiD'a malbiid I Md, What la tba aOk^t ef pal- 
■ watnot wblsbcsttaalaiDadal 881. WItb wkal U " 
iVbat la Akaorr I Bow la It adnllanlod I Ma. Bow ma^ lb* el 



Wbat U IbaU eoniMaltMar blQ. Tbat la ■Oaka ai 
,4bai>alalal fifl. BawantbaaapnpmtlMu iwdr Sn. Wbat an 
AasoUtar Wbal«b**taar*ptaotla<dbr dcalanlniibaoalaMr 

Faoil 

rhalUaaldgrnlutaDaaaB oxaDplat tT4. Vbal baa bMi 
■ bodyT WlHtlaalpMaaalbMWB' " 
bliai lonl/ dlffai t 610, Upna wbat doaa tb* nt* af sbanjia IB 
Ibatancra ar« moat cbancwbl* r Wbatia 



an tbaypHparad 
IB qaillUaa ofgaod 



nanlBdapanill Wbal 
E>l OfUlli* 



n or ADL-STk Howlillahma Ihai ait axdtaa daaf T 
RT. DoMaUdaaajiaqobalbapniaiueof o<7Ksr Bow la Ibla aiplalaad f BTs. Iluw 

[Bat Wbat laAppan'a plan of pnaonlagt bit. Wbal 
4a«*l'nt Liablcaaraf pnaarTlasaUmaiiUlaalr-lWitinMlat DMl. Bow la llila ilaaa 
- - Ul. Bow, b/ BpaU'a oaat Ml Wbat aoaMUBoa ata 



I 



■el Of 
Wbal 
[■jmaa'a nfrlcantsa, 



H- ii[MD lb* ebaoitat af allmaalal Of a boiling tem|Hnlare) Of *tlU 
HI CM. Wbat la laU of fr*«la| *a a mouu of (naaiiioat Wbal 
'BBT UV Wbal la aald C«*Uant Of RMfaratoBl Uwilta 
t lOT. (M. Wbj an frslla M r*rtibabl< t Uow da ecllan pn 
irurwIoIorT Whalotbi 
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WteiitaaSdordrTi^^artifleialkaiAt 561. How ara ■MsnlMt vvfoteUM btil pi^ 
Mrredf 

& Pbmdtatiov bt Axnumcft.— fiM. IflMi an ulia^pttat Mwtfcm thott ti 
iuoiKitii nif WlMtlfltbeeoapoiitkMiof eoDUBOBMttt Wkok rennkmbto Udngi an 
atatod of It? ML Wliat ara the aovnea ct eoflaaaoa aattf How maj^ pan aalt W 
kMva? How maj it be poiilled r Sn. How doaa aalt act jm prnarrlng meat t Wbat 
to tbaefllMt or brine upon flesh f fiML What beilde watar doaa aalt axtnet from BMatf 
Whj ia aaltpetre oaod with aalt f 5M. Wbat la aald of aalting Tegetabkaf Ot&. How 
doeaaogaractasaaaBtiaeptier Wbat ia aaid oT weak aolotioBar fiML WbatlaaaldoC 
aleobol? OfTinesarf OTcreoaotef OToUf OTcbanoalf 

C PansETATioK or Btttkb avd Chxbs.— {i97. Howmaymilk be pi oa er fo d iwaatf 
Wbat ia ooaeentnted milkT 569L What is tbe eoat^osition of bvtter Jvat fron te 
chara f 699. Whj is it wotked nechanicallj f How majr it be donef «00l Wbat is 
aald or tbe practice or washiag batter? lOL Wbat ia raadd bottarf How la It pn- 
doeed? €01 Wby most batter be made alr-tii^t i& pacUaff 608^ Wkjia aalt added 
to batter! How does it preaerre it f Wbatotber sabstaneea ara oaedf What la asid 
of them? <01 Wh J is old cheese best? What ara the beet eondltioBB for the pecfBO- 
tion of eheeae r What ehangea take plaee ia it T 0O6l Howdo egga chai^ps bjtimaf 
How may they be preserred ? 

Pace 81&— YL MATERIALS OF CULINABY Ain> TABLE UTENSILa. 

00& What is the parpoee of this chapter? COT. What ia tbe chief obJoetioD to iroi 
for hitches reeaels? What is said of theae compoonds? Howaboald iron kettles bs 
managed? What is this enamel ? 009. How is all tin ware made ? eia la metalUe tla 
ii^orioas to the system ? What sabstaneea affect it? Is it maeh acted apon? How is 
eommon tin contaminated ? €1L Why cannot zinc be mach osed ? €12. What is rardi- 
gris? What other sobstances may be formed when copper is used in cooking? 611 
What is said of the salts of c<^per? 614. What qoalities commend this metsl tat 
kitchen Teasels? How may it be protected? What is said of brass kettles? 61& What 
attempt has been made to fonn more perfect cooking Teasels? What is remarked «f 
them? 616L Of what is earthenware made? Why mast it be glazed ? How iatkia doaa? 
617. What materials are osed in glazing common earthenware ? What are the qnaUties 
of thisgUze? How can it be detected? What sobstances act on it? 618. Tl^ydoes 
glazing sometimes crack ? How may soft glaze be detected ? 619. What ia aaid of per- 
eelain. Of what is it made ? What are its qoalities ? Describe its manalhctan. WlMt 
Is aaid of its permanence among clay wares ? Of its beauty ? How ia it colored ? 6Ml 
What precaution is giTcn in the use of cements ? 

Pagb »1— til PHYSIOLOGICAL EFFECTS OF FOOD. 

1. Bikam or thx DXMJun> foe Alimkkt. — 621. What is a common thought of men Ta> 
apecting creation ? What is the true idea about it ? 622. What Is said of oar ability to 
understand oar own organization ? 628. How do we maintain oar identity through coa- 
stant changes? 624 By wqat calculations is the extent of change going on in the body 
ahown ? 62S. State the esse of Thomas Parr. 626. Why must such an anaoant of mat- 
ter be taken into the system yearly ? How is it In the growing period of life ? What k 
the relation between waste and supply in old age ? In adult life, what changea aiv per> 
petaally carried on in the system ? 626. What important questions occur in relation is 
theeo changes ? - What is said of the materials introduced into the body, and of the agaat 
that acts upon them ? How do we influence the nutritive processes that take plaoe la 
our bodies ? 627. What is said of the beneficent use of hunger and thint ? In what da 
they consist? 623. How will the subject be considered ? 

8. FiBBT BTAOx OF Diaxsnox— Chakou or Food a tbm Moitth. — 629. For what 
parpoee is all food destined? Of what does the blood consist? What then moat ooear 
l9thofi)odb«fi>T»itcaA\>aQoinAbk»Qdt What Is digattiaii? 6M. In what atata la tht 



•w4 iBtTodnHd tnta tba mnatbl Dmsiibo tha nnohuitnii for ndDCloi Itatui OBn, 
«1, Wlir IimecluBlialKUuBlniuillclDDit Wbit li Ihi ulln T Wlut oondlUaai pn- 
■ Awrufnllrif «a. Wlul are [bo tiropcni™ of i»1Lt« J VhM h lb* "taiUf " of 
If DnwribnUMiUinsrontHllTM. KB. What luv tliaullllciii or MlJroI Wbtt iwrt 
Jtf«>Ad«w It Ht npDBl Wbm pneUal mfknoet fUUowi tWim UiLir a»4. Wbil 
lit afonnlMt. hul7 oUlngT Hoviliwatlia lUU ut mlad •ffogi llu digHUaii of Awd! 
Vbilta the oRhi of pn>fiua>l)1IUii|tt 

H of tbo And u It puM (Ton (ha dhibUi t DcKrlb* tho atomkob ( Huw dou II 

In dIBsrant ulnuliT WT. Unw mur ooata lua Uw alBSUcbT Haw du tlwir 

r f Bsa. Tbit iBovrinantt of tb* find oeotit 1b Ih* ataoiBok I Haw ■» Iboj' imi- 

dT leg, Willi ■nthtatomHtifallJotoar Explain FlR. III. MO. What lath* pni^ 

oT Ibla anangaiaeBl r Ml. WbatlaaaldofthonKHalljornigular Umea t>rHUii(t 

Wbal are tbo pmporllH of faatrio Jd1«d f Hov aooB anor aatlDg dooa dlgtalloB set 

fclly undErwa^t ML flowdou tbadlcaaileD of tba alomaab dUTor thini Ibat <d iha 

iJ Mfl, llav may artlfldal ^BaGrlo Julea ba praparadf How daaa Iba dlfaatlan £4 

onucbdlflarframittiaalallllgaaUoBt Ut. What la |>a[iBlB t Wbat cab It Bot iln f 

ItT. ttaw ilow caatlla aolalloD dlhr from eamnoB ai4aUaa I Wbat la maiBt by tba 

UrmptpHHut M8. Wbat nillowiwbaathg allL^lMai^T* lalM* tha aUmaebt «W. 

Bixr bio paopla aiMd In aaUiaatliic tba quaUly of gMilo llald avcnlad F nbat la 

'lallstnlaboatltr UO. Wtiat Is Mont by dlccadbUlly of (oodi r WbitUialdoi 

Sr. Beaamonl'a IsTaatlfBllDsa* In ncinllag tha lima* of dlgutlsn, whit oatuldBntlna 

Valdo tba aolDblllty of Ulniant mnit bs lokan iBta aMOODl • Wbat aro lom* of tho n- 

ItaaT Dr. BMnminil^ rAacrralloiiB I SSI. How do Uii liquid* of tbo iioiuaab c*t lota 

I blood r How la tbia pronia I 

4. TiRUXHoBorDuiHTion— CBauDD of Food istbb Ihtbidth.— 4% Wballa 
idaudanuiBF Wiiatllul-b cnlar Itt Uowdo tboy dlAr frim (aalila Hulilat US, 
bat r>arlkHiadf Ibadara alTbotod by Ihaaa JuloaaT Wbal cluBgea oeoBr T Wbat pm- 
ilan la ihoila ftiT nadlffvilad albuiBlnoiu niaU«r tbal baa aacapod from Lha al opW Kb T 
l In wbalwayi ara aubalanFos ahanrbcd from Iha IntnlUwaf Dow do Iba UMaBia 
rartbm-tbalr oOcaT Wbal b tb* bonraa of Iboao laalaal Snlda f lU. Wbat Iboda ara 
UuUvaT 

rnaL DHnsiTion or PooM.— SK How nncb blood ht» an nnngs^liod nan I 
Wl. WbBi ewim (Iia'BuftipaalUDn of tba blood la raryt Wbat la It aUUd la ba. dOB. 
~ doBl tba blood appear wbafl Tiawad by tba mlBToaaopa T Wbat la aald of t ba— 
imT flNr How la tba davolopBiaBI af pavar ibawn lo ba Iba laadlng pnrpaia ol 
KlyT Wbat la ■IdcribaanaUOBaflnoal MOl Wba) ars Iha oUaf alamaBls at 
od f Tbrmfb wb*l accnay da tbey iMooaia food f Wbat tore* aeta npoa tba vac** 
kblsklBfdomr la Iba n>a dlSarent wbaB w* aM Saab t Ib tbla ilaw, wbat la airid ol 
aablindr HI. U wbal>taladaaalbraen*ldalBfl»dl How tt It mada aotlva f Wbat 
natara nf Uma ohasgaaT ,W. Ilaw la tba Baotadly of Ua oonitant Inuvdnetloa 
d abonr Wbat ta (tamUoBT MS. What la (ombnatlonl How 1* Iba aaUoa 
■raiyiaBiBtbabodyahownlobaeombniUTar ML How dowadiid fbodadlrldad lo 
MbnDoa lo Ibeir dtallBatloD • WhU la lab] of Iba dlBfennea In oombiuUblUEy of dif- 
fetnt sUmaBUI ttO. Wutt la aald at tba anaboirtlbUlty of Bllnfaaf IM. Wbal 
laragtiaB loBaB-BlLrOfanoBa Ibedt To Iba BltntaBonir Bow SIBIt tkM* d^ 
ttBaUona ba n^ardiilr 

' FBoMcmcni w Bodilt Wancm,— WT. Wby nut tb« body pwHS * Snd la«k 
fnvlani Wbat WtbalraipaiBMr* of baallfaT Wbat ta aald of tba pawai tf ttia bad; 
ttmalBtalB ItF <«& In bow maoy wiyadooa tba body loaa b(Mt How meab la loal 
inparBllimr «W. How 1> Iba aopply of bnl t* pt sp r Wbat la tha phyidatii(liAl 
ttSMvMH bstwaan vam and enld-bloodod anlmabt Wban no Ibod la lakaa, bo* ta 
tb (BataiBad f Wbat ocean In pUata wban Ibay eibala oarbonlc aold f m. How 
t**B tba »ii>ar)«aM of tboaa oho Baotnd bigb monntatna BMord wllb tblt Tta« T How 
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Umptf 
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!• uld 01 






whit nmH of life dofli cold alTi 


jcttHobodymMlf Wb»t Im boea obwrvt-J In 1 


bofplUb 


IM Uw aged f vn. Wb>( nkt 


loD l> tb( 


■M bDtwHD perlode of rest ud utisft 


udlhe 
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L— STe. WhK t> tbe uDDDal uumiit oTbeil p»- 


dD«d by u idall DUD «Um>t 


DdtabDl 


■ Wh.[lsniaoftluiran»n4Diredto 




tlu iBTolDnlary mntisu of Ujb 


bodji 






dO(»tllll 


bodjloMdillrt <J8. FnmnrliW pKl 


of food 


liflaililbnDnlt Wtiiitl3»Id< 




DDl HowliltlDlUbltd'segsl Vhi 




dosble pDTpoM of ■Ibundnoni 




are. Eiplnln how oiyiren MM upon Ihe 




InvhiitBeiue are nitrDgcaoiu 






IBPPIT 


■n anaH, what likei pLice Id l 


he b.^j1 


r ■When™to««»l.n,pplrt Whoi 


»m.ppTT 


MowdtwulBf Ml. Wlut l.ll).™ii.Uoaof«DmBn»lm««,*(L,toontrttlon. WI5 


•MUttj 001 tniB food.? 








8.Ml!™,B0DT,iin>Aij™ 


JT.-BSI 


Whot la Iho nlallon of mind t» mattsr' 


P Wh.1 



liBaldoTthebnliiT >83. WhilDuisrltl ehu>g«a»ar ucomp&njiln 
ofmlndl ThitptoTliloBltniBdii for Id DntrltlDDT If Dili l( Inlimipted, whil fol- 
lowsf now data itwTBtlon Direct Dorrinu ttuDoT GS4. Whit rainnTe b» befn fonnA 
Df tho HDODDt of cxerdu n port h&s etperlaDoodr Gui tbcsa rcflolld be faJljr drpabtlt^d 

□i4rkAb]e propertlea hna phOfiphanieF Howdoflo the prD{>nrtioD arpbospbonifl In Ihe 
br^n VV7 In dl(rcnnt clanM of poraoiu? la wlut Ibno IB It found T OST. Whit li Mid 
of ipeclil brain notriniecuT Whit duel UcblgniflD thisonnemmt SSS. Wlul Ira- 
porUul comldmtloiis of diet ihonld govarD bnln-wnrken I 0B». Whit la odd of bnis 









lOH— Siumi MiTTim.— BM. How wero ths diI 

Whit Is DDw VnowD t «B1. Wbitli* sdir 
rid Hltr Whit d«9 Uie uh of tbods ooDilst c 
ng r Whit proiMrtloD of eslli U bnad In eeler; 
lei of the mlDend ports of fbod wheD tiken 1e 
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BiUvl? CibbuKOt S93. Whnl bee 

thaAflCoin! SSA. What lavdd tab 

the blood In this rupwtl Whit properties of the blood depeod apon lit ftm ilkili ■ 

AM WbstlslhBdiUKUrufflcshuidlujnliiea! Do adds or ■IkiOleg piedomlDito Id 

thesjfiUmt TFhU are tho chief aoshscldiF Whst do Ibeso oooditloDi of blood and 

theijitainf Wbat ud Its oinoos t Whstdoeslt7lcld^TllI dcooiDimiltlont What U 
Bilil of the iilta of Mdlom lod poIualDiii In hlood sod Hotb T C9S. How doaa nit etapt 
from tho syiloiDl HowlithB supply kept opl What ii said of In pmeBCe In t(«o- 
tibleaF Of tho DatDral dcnUDd br Its nsel WT. What are the affeeti of eating b» 
liltloMltF WhatiucBTvyr What a« aatl-BoarbulKBl BewdoM S«b dllTDr Id th* 
■•ropartloD of ult it oontilot t SBd. What Mmpoon'ti of soda aDd potash are DKd In 
mnklogbrMd, and how do thoj- differ T What are tholi rolationi lo tho STitem I Thea 
are they Dsefol, and when harajfolt 

LiiiuTD Aiufixn^ — an. How moeh of tha body ia water r In what Ibma and la 
whilontenlijltlukoDr JM. Id wbal coDdlUoai Is It Ibgod la (he bofly ? TOl.Howdo 
plulsud aDimals dlffiir In tbilr lelilloDS towatecl TUl How dovi water aSKt tha 
dlveiUTe proum T TOO. In Dr. Buckar^ eiperlmanls npon the Die of an eiecB at walor, 
what ooDclualoDa did ho reach J TOl, What Is uld of tba TcUllon of lea and BoSea U 
TOO. HowdoUiaMtlDreQte'lemGiUit^etanuii.Ilia lyilemT What are Ihe oa* 
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qvsanoss. 



tnm Dr- BoekaiV eiparinrnt* t TM Wlut li Uie alfeot tt ctup^munkUe ibIh 
DIKiDilievtlaut Wluit will p»iiU wbnw iluaufliiirB MatUTa.alHm U Ua 

^[ of atntig Eoffes I Uovr U bodUIaniBlI lot. Wlut an Lehnu.:'? •UUmuuiti 
aflgBOCsaf Ktaaiil TdS. What la Bill lit olwoliU? IM. Whilantntuiu ua 
Llbe nriauatlqiiont {Tpoa what doaa Uialr conunarcial Tllne doiwsil r What 
b Iba malD alcmtDt of tbiilot 110. How dDSalhsaoUonDf alnilu>I«m[ian Hlth tbat 
WhatlJwWot ItapowatlonunilalittiaooT TilWhyli 
I1& Wlut mra thi r«ulu of Dr. Bookar'l aiparloii'iila 
aluwn I TIL How do the atatiinuDla of UoloahaR, Chamban, Uil Liable 
ottUattibataaw.compcnwIlh aadi olhart 71& Bowua thaaUniiilaUug 
•<hgUiiril»aabaTan«aadaasribadr n& Wlut la lald of mlU T Ho* Ooo milk tram 
4iffaniit apaelaa of aaJnala diffar r Howdeua aklmmlll)! allai tbailieMUgal qoallllExif 
Milk) III. Wbal kiDdaofaoup anatnnfUiflrllict Wbat la aal-1 of galaUb !> Whjr 
Wj' II b« (ood for lorallda! 

-118. Wlir miut (tanh tia a»ksd t In vbal brm la alateb baat 



Uj bodllf nairn 



4l(aa('d» lAd vb j I 710. What ehai^aa doca aofar undergo In tha i 
■U ofllalBjurtnc tba IcaLht IMWhatpi 
What proportion of oil do ira sbtatD (tan din 
•DOalilaccd I m. Whal li Iba reialloa of Ikl lo 
TOawlmmlngr 7as. What laasldof tli 
tMrlbatloBvftallnmoalairecltUdlgoKlbllltrl Wkrarallibalid I>onlUT>uU]"llC«*- 
dblst Uowlaitwhea Owjaiadnaaadwltlktitl TM Wbal chaana aM pradaui] la 
tkabla br Imatr Wh]> are oakea Ins dtgaatlblB tbu bnad ? Wbal doca l>t r»(M 
MrnpoDtliaaHar tbgoUat Dr. Ckaubera F ns. How daw At aid In Ho guItlUoa of 
«a liodf T n& Wliat la tabarenlai AiuiiBipUnar Wlut la Iba eaoaa of I; ! VThj 
tBnollrnatUnbaenpraaoribadlbrUiUdlataHr Whal It aald of Ita pntaaUoB ! TST. 
BmarabUloiueoBdlUaaapredueadl BbanmaUa I Serofulnul Searbntla! 11& In 
Mat (tat* ta maal moat dlfHtlUa t Ba* daaa nal and lamb brotb dlBor from that of 
baaf and natl«r TM. Wbat bialdaf paalrf and pnddlagat Of boUad dough T TM. 



laUiobodn 111 
amy Uia uaaa of bta b« 
r Tobiauly orftiiml 



tn. RawataaaldlMaBaandlMHbaaeokadr TM. Wbat U aaU of tba baalUinOnua of 
VafMaUcat IM. Wlutli IhodlotcUealtalaa of IbapoMlor TbitnnlpI ThaoBloBt 
m Wkat laaaldoffrnltal Oflbeapplst TW. 1\1»t ara mtidlraaBUI IM. Wlica 
MgafiM aa an •llmaat, «lul an iha qniUIlaa of eka«at What aN tbcr M a wndl- 
iMBit T>I. Whal la Iba iDBnaDoa of Tlnagar Bpon difaaUoB T Vpoa corpolaao* f IK. 






la Nvninia tudi or roasa.— IM. Whal wonld wa Intkt of tb* p 
Avm tbali eanpoalltia t Whal la aald of tht powar of th* ijatcni to Iranainiilii fond I 
no. WbatmiuIinidltleaDtaln? tlov moat II beTaii>dI 141. Whal don fle^ 111 
WpiiHiil' EiplalBlL HaatbeqiianUI)rafaoUdniaiWrairt*laUanlonQt(1tlT*poii«rI 
fO, Whal la tba bMt that «o b* dona In aaUmallBf tha NmparaUTO lalao of foodal 
WUhvhatiwUliiUuiumiiat lUa b* lalwat !«. Eiplauric. lll.(lrlDg Uia ralaUr* 
javanof tha calarUlEatalamamaf feed. Why la Iharaioaiwh tablalni thannirtilvo 

Kpf Whal la aaU ofatooMf IM. Whr la U auliMTa raaat diet bad aeouamj t 
t aallmaU haa baaa sad* ah«wUf Uu adTBalat* of Marchjr Ibed In Iba caa* of a 
■nfal WhallaaaldufbraadlBlhlaialatloar TA WbatnakaalbaDaMUrsdaaiBnta 
ifdltt moitaipanlrar When do tha alorUall riat In TalM f TM. Wbal doca Ptf. 
Wropraoeitt Kiplalall. What lilaanant ha bofaalBnlfldlgMoitflBctfalaiUacniaT 
MI. WhatadiialhaceinpariUaaBf ■nitkaadatmatlKdndj'r lto« ikiM tba hooaa 
Jltel dUtW tnCB tb« rooac of all olh« aalmaltl Wh; b tho milk prapatad brthaa 
,|Uhar In OBidr lu. What ara tha adrutMM and deOitcBelat vt *li«ll How dnaa 
jrboallloacMnipara ulU mUkakdbkiedt I4^Ba« nock ItUwdaUrwart* of tWuet 
^■r miMb Rioil ilvoa aa adnll laborer tgqsira la raalora tkla loaa I Wbal la tba proipa 



tnlst IS&WIij-iir 



QCBSTIONS. 

ivldv agiliut lU* nsBdr TEO. Hew don vhcat A 
il of tti« roliUaD bI corauwrclal aiid DutrltlTS •dsM 
r brsD uptnled In crlnding now uul tonatiljt t 
mait bo ca[*D wicb leu Hall, uid whf • VhU oa 
Itc ctnvLng* of nKD pnp«rvd» mbd irhal do tl] 
flItotdilldreD'BtHdl Wlul do Uur nquln 



. To» VMimUAS QoartiDB.— iM. WhU eentroTBPjy eiliti np<i 
VlmtilDSillie veguUiiiadletcDDBlii aft Wlwt do ifae idrMi 
siUtouT Wlimtia tDpUedb; IbsfrlKndiofDilieddlctl Wlist» 
lodla rersnim lalhsiubjMtt lU. Whit huhimierir been balls 
ggyilamla truufamifiKHlt Wiiu li now known t TSa What 1> Mid of Ui* M 
if vcgntiblo and ulnul ptLoelplsaT WbatdiHutUsBrcmtolndialAt IbT. 
'can olbli betvoea Tigetsblo and uiliul tbod f Whjr Is a»b Um mart pcrftsl of dTI 
>nUT lIowdooaltinprcBHtbancIlvltrof tbag^iiUiiiiT Wbitlsi ~ ~ 
i cffecta? Are Tagatarluu lemptad to eicusiTa cmting T TbS. ^ 
nnaemlng tha mlnonl oonjlltalloiu of Ibasa two n>F1n4 or IVhhI Ui 
I ua tha chinatariitlu of hamnn ullnl Wliit doM It UdiMb 
ar IbenliUfB economy of UiD two klndicfdlotr T(L Wlul Li stid oT Hi* dlTaa 



I 
I 



Inflii onoe the qniDti ly of M 
! TM. Wby li il dUDenlt If 
let UTeei ur Vlul l3 



1% COKHDiunom OF Diet.— TVS. Wbit eli 
needed t Wlut 1> told ottlia MuicluntBr mi 
eluiuy diet u low, blgh, Act TB^Bowibonl 

or dial rvulai t THL Wlut reison b given IW (Mliig elowlj- 1 ItT. What 
■bouldOionr Cloieiof eUlagl WbyBbould braak&st beearlyr Wlijls 
■nendudr Why irelnls aappsn oondeumnl! TM. Wbyaboold wennl e 
'WbysboniailtUeenrdHbaUtenberarehrnikllulT IN. Wlutlaiiild 
Uiy between bnin and tlooiHli J Wbnt \t lienee reummended I 170. Wby ilioi^'lA 
raIt>n«k(aUtBa*IT TIL Wbnt bad naoltaflawlram »ix«lTgMllagt TO. VT 
Biddaf Iba nceeaolty for prompt suppllH ef foodt Ilowdeee hanger nffeat the 
IT& Wbul relation la theiB between greuloiortlan and bearly eatlnc F WbUltMUdf 
thohablnofdndcnter Of /jnerlcani T 114 Wby ]■ • ttlff regolarity In Uis neiui 
of dlmhoeeondemnwir 170. WbatcauMnpromote coipnloooet Wtotleai 
oorpcilantiieDplet TTt. Wlut dlroctloniare gliEii to DDrsingmoUiant What la 
proeuTlDg and mana^ng wot nnrkc ! Haw may eow'a milk be 
Wbat dliacUona an glran In reftrence to Uielr wild food I Til. Wbat e1tw«u ai 
on In the lyitam dorlnj! cblldbood add yontbt What food deal tfata period rcqalraM 
ns^ What abonld be the illct of middia lite t ITS. Wbat ahaifu ai 
(yetem an aga advanceat Wbat do tbey lodlcale In regard to the food r Wbatea 
goaaaeB may Bow bom ncglaoting theio cauUoi 



PABT v.— CLEANSING. 

PiOa 43i.—t PEIBCIPAL CLEAHSISQ AGENTS. 
TSO. What la dim How la It remoied t 7^1. How doei wator act in deui 
What ImpDriliea ars lomntimu funod In water f TBS. How la water pnrllled by m 
Mdeneor TS4.HowbrUterliig? liUi. l>escribe the alter Fig. 1M. What la aald of eb 
coal u a Slterlog agent) 180. Ilowmay dliaolvod bnpnrlttea be aepanted from w 
Bow baa the hirdnesi of water been eiprihiad t Wlut caniea the fUr on the Ua-lu 
DoealbelDUBtbor Umeof MUngaffmUieniiillt 137. What ara Ih* alkiUee 0* 
olewuJugt What li laid of the tltaUnooarbonatBar Of aqua amiuonla I TBaWhatl* 
aoapt TBD. How it soap nudoT IM-.What oondlUons jiroihioe hard, and what wft 
■Mpf 791. What laaaldof the walsrlnaoapr Bow deea tho aolabUlly ef loap nryf 
Tn. What la CatUlMOap t Cnrdaoapr Uowan tanejaoapamader Tru^araM toif t 



PASa Ua^n. OLEASBma TEZTII£ VABEICa. 

m Wlut ■■ atatod Is b* tlM genenl prlailpla of eleuulng r 'WliTmiut ths povvr 
«r (hBilklUcibgrwtnltiadf Brvbilmewuli thodlnbcld to tbsguini'iilt How li 
•Hp adiplol totlilsitataof Ibtngit 714. Hawmir iralottUig horOaeBBaf wnlcT with 
mpl IM. Eipl&lii tbedUTtrcaa In lutarc bctwosn wooUcn, ootloti. ud linen llbrog. 
TbydalhixiiiDlleiiiiluinkt Hofriboolil thej ba wubodr TH. Wlut It nld of Uia 
nmanl cr ipour How Is •Inmliii niedr Wlutli FwBoli cbllkT Oi ^f Bow 
iota ■ paiilon Kt to ronwHag lUtiut Hav sntj ni. ruin, ud pltchj ipota ba t*k«B 
•OIT Ua«, aU-tKlBLaCUnst OoSvc ud obocolBU f FrultiUlur Inkipotar Ind*]- 
tblciakl 

Fioi 431.— nL CLRANSINO THE FZB30K. 

m. ]>Mcirlba tbs alntotars ud Bfflccs ottba lUat TUB. Whit *ca (ba oil gludil 
Bow do Ifacf prgt«l the ajtlxmr Wbea lbs (kin la asglactsd. bow an tbtw iltemi) 
VhitlBFlg, IS>r 7n, WbT mmt 50^1 be Ds*d lo wuhlsg th* Aln r WbilltHldor 
Itooael eoa, WluldlrccUoDiueglioDforwuUiigtberkotT HI. WluC «un> lutir 
to •ocDmnlitt OD lbs tcclbl Hon any It be nmaiedT Wbit ua tba beat Iwtt- 

FuiR 4M-IT. 0LEAK6IBO THK AIB. 
801 WbMbatldatthtiaBl^actr SM. WbeB vacMmall tbalBporiUeaar Uiaalr, 
ksw ua *a apt lo rallaTa BDnslna ) Wbit ta aild at Ihla milhol I Whu plan ebonld 
taaloplodr SM. Vbat andUnleeluUI Ilawdo the/wtl BOB. What are (he p»- 
parUea of nswlf burned IIibd 1 now doea It ait la pniUyioi Iba air J How dooa It 
upplj □ifHBlurs lo Ua alrt What ara Ita offoeta when aprHd upon freah ajoimal and 
TeflvUblamUuncear tlowdawilaot iipaBpnt»f>IngiiHltel t «Da. What lj cUerlna I 
WhatliHldof hfdmtrnt Iloir doea chlDiiDa daaOvT the Impniitlea Of Ibe air f BOT. 
BowD»r ItbeobUluedt What oaatlan* are nasaaHry In lla sae t What b chloride of 
Iboe r Dow mar U be naad ? tCA. What la lald nt nlphnreaa aeld p« I Wbat ue lU 
propertliar SM. What UaaidoIeUarldeoflraat OUoilds of dpaT Hulpbat* at IroB r 
A«la(a and Bltnta at load t BIO. Whatara thadwKl«liliig aSHIa ofsbanMalr llow 
It It u»dl 811. Eiplain the atnelBrs of «har«aalr How doea It act r IIow dooa II 
hailcndMtnietlTeehuigttif Bow hat thla qnalttr been applied In hoapitaliT Eiplaln 
Eha breath Dllor. What adTantacaa haa U o vat many dlalnfeotanU ! 

Pub 4il.— T. POISOKS. 
tiS. Bow are polaona dlildid T What la lald of prompt action wbaB potMB hi 
•walloired I What eymptoma IndliaU pnlKMBC 1 SU, When polegnlac ' 
whaletunildflfllbaobaarTedl ITHba teJd, what araaaUdMH) ITthare 
lhaUDdo(i>elaad,«li*tDU>rb«d«Mt What ll •IMBM r Vb*tUMl4<i 



I N D £ X. 



of tlie teee, 4M. 

AcMft. Te^eUbk, 225; eoiD]M>iti«B ot, SS; 
ct mpfitSs^Sbi of VmomsMS; ofgxapei^ 
S5 ; Bature of; M8L 

Aectie Kid, SMl 

Air. iKMi-eDodacdoa oC S5 ; pteaaoi e of, 4S, 
151; compositioB of; 49, 158; eoBtami- 
^Uion of bj gms baraioe, Itt ; cencnl 
oAc«s oC 150 ; weight o^ 151 ; efliMC of 
ywtjiag pnman ot 159 ; iatennixtare o^ 
153 ; consdmeotB o^ IM ; oxygen ot 15t ; 
iDoistnre in. 157; oooditions of drying 

Kwer oC 158; sjttem affected bj mioist, 
It; bj dry, 1€1, 170; effects of its ingre- 
dieBtA.'l63; impurities of external, 165; 
eooditions of sslnbrity, 166 ; self-poril^- 
ing, 1^: esoses of imparity of in dwell- 
ingK. 16S; bttd inllnenoe of beating ^^mi- 
ratas upon, ICS; affected by bot-ironsor- 
ftoes, 169 : composition ot altered by 
beating, 169; imparities ot fimn the body, 
170; Dr. Farraday on, 171 ; of bedrooms, 
171 ; parity of the design of natore, ITS ; 
danger of loaL. 174 : contamination ot in- 
door^ ISl ; Titiated by iUnmination, 1S8; 
Titiated by tbe peison, 184; inflnenoe of 
plants apon, 1S5; in nootion, 185; cor- 
rents in dose rxxmis. lS6i, 187; stratiflca- 
tion ot tn xxwms. 187 ; corrents tbioogh 
doors and windows, 1S9, 190; cnncnts 
affecting tbe systent, 191 ; sapply ot by 
crevices, Ae^ 196 ; modes of introdn^ng, 
196; effect of breathing rarifled, 855. 

Albumen, regetaMe, 227; oompodtioa ot 
tX!; properties ot 828. 

Alcohol, as an illaminator, 116; as a pre- 
server, 814 ; the prindple of qiiiitnoas 
liquors, 878. 

Aliments^, source ot S06: claariflcatioii <^ 
206, ^7; undue proportions ot 888; eci- 
rection oC 401. 

Alkaliea, 869. 

Amaurosis, 145; subjects ot 148. 

Apartments, sixe of for breathing, ISA 

Appetite, regulation ot 410. 

Api^es, composition of, 244 

AigBod borners. 118. 

Anott*! Talroi 199; impoctKaM ^VH^ 



Anov-iootk S16. 

Azseaio,44l 

Artifldal li|^ 105: fhmi IgiritfoB, 105 
measurement ot 124 ; color ot 187 ; iqia 
rioos action ot 187; bow it affects ttai 
•yes, 189 ; efbcto upon tbe retina, 140^ 
144; beat aeoompanying^ 141; onsteadi- 
neas ot 14 ; extraneoos rays, 148 ; may 
prodnee Infhimmation, 144 ; management 
ot Itf ; vbiteniii^ by ahao^on/l^ 

B 

Barley, SM. 

Barometer, 48L 

Beaaa, eompoeitkm. Ml ; mtaMtal matin 
in, 248 ; ^g^biUty ot 89a 

Beanmont, Dr's. table, 8i8w 

Bedrooms, air ot 171 ; rentflation ot SOL 

Beets, 247. 

Bererages, 889. 

Blood, constituents ot S50|| 847; riobnle^ 
847; alkaline, 870. 

Boiling, coUnarr dianges by, 877. 

Boiling point, etoTation ot 4A 

Bran, composition ot 885. 

Brain, measare of fis change, 885; pboa- 
phatie oonstitaents ot 860; bas its special 
nutriment^ 867 ; exdtanta, 868. 

Braders, 61, 68. 

Bread, lirom plain flour and water, 896; fer- 
mented, »9; objections to fermented, 
267 ; nnfermented, 866 ; raised by cbemi- 
eaU, 269, 870; beat of baking, 871 ; loss of 
weight in baking, 872; dianges in tbe 
crest, 272; in the cromb, 272; naolstors 
in, 278: good, 278 ; inflnenoe of salt on, 
274; alum, 874; effects of lime water, 
875; different kinds ot 876; white azid 
brown, 277; coarse and fine, effects ot88t9L 

Broth for the sick, 884. 

Buckwheat, composition ot 84L 

Burning fluids, oomiM>slti<Hi ot 118; bow 
explodTC, 116; conditions of aeddent 
from, 117 ; how osed with safety, 117. 

Batter, separation, ot 885; compodticn and 
properties ot 886; cause of its diange- 
ablenesi, 815 ; canse <^ randdity, 818 ; no- 
tion of air upon, 816; sobatanees sMd tm 



». BDtrtUlO pro|wrtlM 



J »d ™, ((•-,' 



I 



110; ftunnuj^ oi; iii; mbaa^Btt, iVL 
CkrhoD. odlH In niel, til; bHtlng *)r«eU 

CBrbuslD uld. JSl; phrilalwlcit cltHtior, 

(Ida 1>T. IVl; DccvKitf fur,' Is ilr, IDO; 

alutlsd bf THpintloB, Iftl. 
CwraB,M8. 
C"itlii. HmtioilUaB aC SH. 

Oill>m,«»l*lrtB,in. 

GhuiM la Itia UtIu ■ntcm. Rlt ; nU ot, 

an; (andluUDQ xrWUlr, Stt; bHlcn- 

Ibk ud nUrdloit. tC 
Cbuntt, «■ tBcU U; *• ■ AlilDfiKUBt, 1M ; 

iiia<l>i>rii«HUin,<M; ruplnWr.MO. 
ObtvH. pnpuitloD •>( *M; ebuin Dj 

IUm, «It : USuim IB dlgMUaii. m. 

Chln^or^<1mi>vhtii(Ba;(UM«erK»kf. 

M, a'A, M 1 (umoU In (luoUMr, nO. 
}]ioatl(ia,M3i ■dnllaniloiii, MO; «iSk1i, 

IT9. 
»ol>n ud tool III, IIS, 

ClMutiu pilDclnlH lavolivd In, «); Ir 
■lUIIno fUbttuMi. UD: at latUla *rtf- 



ainilB. (TlUlitll, M. 
Colli, mluml. M, M. 
C«ea^ eoaporiUoo, MS; pMpuili<m,m: 

CeOiB, wUui^ M: aonno^tlMi, W; 
•RmM <rf idmUu nil; •DBeit tf Unia 
BDoa,>M;imil*ifpi*MntJnB,tl>Ii nitid- 
tmdom in 1 loa l*t«ii*d. n«; Lshou 

CMd.«h«BiiilkUl.m. 

«Mai. InllaUM nmi ndlulna, n; upan 
■tmrpUn. 11; Havtoa'i llworr oC B>: 
BninlaFli (htuty. i>: mmplinwDUrri 
W; Uoli (Ml (SB« •£ *I ; cfarunullii clr- 
■I«,M; sealnrt st tT; mulruUr IglB- 
rloBLH; ■MtiHtelhiBt.Mi MubimIm 



r. 1001 



laaaai 



cuDiblainc, IM ; iBBinriH «Cbi>oi wm- 
Iflalan, IM ; uruMeent at Banmk lOt ; 
mp*r-baiuliun>. Wi AtrDllnf*, MO; papn- 
Iufvan|!:iirUDnafUiaaBW«liB<M«{ hh- 



U; vtibia Ik* bolj. »l. 
CDmniuiKlt MJHparaBt takH(.tt; aflWel 
Bsan b»Hl. ttA i BM* at la Itia ayataia, 
III; ant>lMdlBltwl,(ni nadaafcrf*- 
laUlMtlaa, (11 ; paftOsBUaa •*. BJl; bav 
II nnaam* naab HI; bov It lalaraa 
naat, au ; tog UUk BBd toa Btub, nr. 



[>aam. prvdaetlflB ot, Ki. 

JuUwj^uUulbhUSi af Iron, SIS; st tin, 
81V; ilao, KWj luppH, mt,>ll; anant- 
Dllad I'QBwaK. Wili aartbiBwara, Ml; 



paiiwbla,asei< . 

amf, Ml; nqaind br ahlkLmi, «>■ ; of 
Utth. loHBaaaa tC Ml: BUaanl iBaUan 
,, . ... 'tacalBbla 

X'S. 



a aalinaL 40T; dlTanltlH it, 

•la tl uTS. Utrj. UO, and tba aHdl 
'aiartlan, 4IA; ofdar and TBritlf I' 



bTBse«l lA, 4». 



I; IsllDaBH atoMTaa 



DIrl, mnporilloB M, U8. 

IHwalUBB b«l naUa, IM 

U^DhgUnta, ^la ; qii)ckllni»,4ST ; eUarlae, 
481; ablotlda ot llmo, «^; tnlplianBB 
•eliL«»i abHMBl, ML 

Donbla vUdmn, IMl 

peagb. Tatar abaDrbad br.tST; aflaela ef 
bwadlai. M»: what niOcB l> rla^ Ml ; 
nialnc GV hsiaD, Ml; niacd br TaaiL 
MtiacildltrlB,lM;ao(aila,«cf: alao- 
ballB, WT i ralaod wlUt ten, tn, 

Oraia,tl,»; anion <ii; lot 



Euai>mi«alUan oC tM; pnaHTaUoB << 

ElMtrtdtT, atmoapbaila, IM. 

£tb«, liuuUuma, TlbntlaBa ft, R. 
EiHMnUijii. U ; CMillDc fili^u o(«4i nt* 



BMu-alBhU^ lib; aatBiBMli. 
BB*> «f aBTbonla acU Bpatt, 14 



FailBa kaUK 40. 



1 

J 



468 



Fin, Undllng oi; 60; risk oi; 78; origin 
<<74. 

Fireplace, form o^ 48 : Mii<A ol^ 08; econ- 
omy ot, 68; Tontilatlon by, 19i. 

Flame, caiue oi; 50 : illaixinatlon from, 106 ; 
bollowneas of; 110 ; length o^ in gas bozn- 
iniLlSa. 

Fleao, eomposltion oi; 848; Joioo oi; 848; 
•etlon or heat upon, 281 : chansea by 
oookinE, 282 ; loss of weight in, 8^; beat 
plan or cooking, 888 ; common method 
objectionable, 288; its joloes add, 871; 
digestion ot, 888. 

Flour, white and dark, 286; eraporation 
from, 286; chanfca in, 886 ; eifectB of its 
preparations, 889. 

Foods, whr perishable, 800 ; conditions of 

Serishablenees, 801 ; effects of; may be nn- 
erstood, 820; periodic supply o£ 887; 
digeetlbilitT oi; 841, 845L 848; changes in 
mouth, 880; in stomacn, 885; in intes- 
tines, 814 ; constipatinjr and laxatiTe, 846 ; 
final destination of; 847 ; produced by 
forces, 848; produces animal force, 848; 
unequal com Dustibility oi^ 851 ; hei^pro- 
dncing and tissue-making 852 ; replaoed 
by houses and clothing, 858 ; adi elements 
oi; 868 ; demand for Taiiable, 408 ; daily 
requirement of; 400. 

Force, production of; destroys tiisne, 861. 

Freezing, artificial, 41 ; heat prodnced by, 
42. • 

Frost, cause o^ 88. 

Fruits, composition o^ 248; diotetio eflSscts 
of. 891. 

Fuel, Influence of; 22 ; composition o^ 48 ; 
heating effects of; 54. 

Fomitore, colors of; 104. 



Gas fixtures, 124. 

Oas, illumination by, 119; sources ot 119; 

composition of; 120; purification oi; 119; 

yarious sources of; 120; measurement of; 

121 : how burned, 122: contaminations of 

air, by burning of; 128 ; disadyantages of 

lighting by, 124 ; fixtures of; 124; islight- 

ing by, injurious, 149. 
Oas meter, 121. 
Gastric juice. 888; Its add and ferment 

889; quantity of; 841. 
Gelatin, 280. 
Gingerbread, 871 
Glass, opaque to heat, 28. 
Gluten, m ; quality of; 288. 
Glycerine, 109. 
Grain, grinding o^ 884; stmctore o^ 884; 

rifting o^ 285. 
Orates, 64; combustion in, 64; Cironlar, 
^66; Amotrs. 66; height of; 67. 
Chun, artifldal, 888: composition of; 888; 

physiological effects of; w4. 



Beat, fW>m the sun. 18: ftom the stan, 18; 
distribution of; 19; influence on yegeta- 
tion, 19; distribution of animal, 80; in- 
fluences man's deyelopment, 80: rdation 
to character, 81; dlffosion o^ 88; eqifl- 
librtom o^ 88; expansion oi; 88 ; weiglit 

; tnuMU-l 




Oi; 84; nkliatlon o( 87, 80, 80; 



don 0^88; absorption o( 80; exdwaget 
of; 81: condactlon ot 84; eonyeotloB o( 
86; drGulatlon o^ 87; canedty Ibr, 88; 
latent, 89, 40, 41, 46; inffuenee on the 
body, 48; loss oi; in zooms, 00; aonroeof 
in rooms, 61 ; amount of bodily, prodneed, 

86lk 

Heating arrangeme&ta compared, 74 

Honey, 817. 

Hot-air ftimace, 70 ; yentilatlon by, 198. 

Hot-water u>paratoa, 78. 

Human body, puipoee ct, 848: conetant 
temperature of; 868; how it loeea heat, 
854; how it produces heat, 854; resonrees 
sgainst cold, 856; force exerted by, 800: 
limited action oyer food, 888 ; its nstrleted 
transforming power, 404 

Hunger, use m, 829. 

Hydrogen, its oflioe In fod, 60; heating 
powers of; 51. 

Hydrometer, 256. 

I 

Hlumination. artifldal, 105 ; by 
106 ; fh>m burning gas, 106 ; simi 
the laws of; 107; by means of sol 
by liquids, 112 ; by gases, 119. 

Impure air, and oontaflon, 175; cholera and, 
175; fbyers and, lie: saofUa and, 177; 
consumption and, 178; infant mortali^ 
and, 178; undermines the health, 179; 
morbid mental effocts of; 180. 

Indian com, 289. 

Intestines, juices oi; 844; changes in, 845; 
absorption fh>m, 846. 



Jelly, yegetable, 824 



Kneading^ effects o^ 858. 

L 

Lactometer, 256. 

Lamps, 112; structure o£ 118: astral, 118; 
OarceL 114; sinumbra, 118; hot oU, 114: 
NeweU's 117 ; study, 148. 

Language, 22. 

Lead, yessels for water, 818. 

Leayes, nutritiyo properties of; 844 

Lenses, 84 

Lettuce, 845. 

Light, exhilarating effects of; 76 ; theory U, 
77; difRidon of; 78; reflection oi; 79. 80 ; 
scattered by dr, 82 ; transmiadon od( 88 ; 
refraction ol 82 ; waye theory o^ 87 ; arti- 
fldal, 105; from ignition, 105 ;_measure- 
ment at 124 ; resulte of Ure and Kent, 186 ; 
color of artifldaL 187; injurious action 
of artifldal, 1877^ 

Liquefkction,87. 

Liquors, alconoUe, 878 ; cannot rsplaee wn- 
ter in the system, 879. and anunal heat, 
878; Bodceraobeeryations,879; noieoo 
nomlcal, 88 ; stimulating elfoct^ 880l 

Lookinff-f^ass, 79. 

Lyman's cold^rir ffaie, 188; Mfrffsnter MT 



MacnonL S88L 
MalartaTlMl 



msEz. 



llUli.eo 



BO; qulltlOK 



Holttu 



auiLiiwix>iou,sd,iii 

uiii. ^position »(■ 

.tier In, IM; mmuiUbsoiu cBrdlliw 

';aiiTdUu*u>>>«l<>« >»T: "">> »" 

1^; proMr<in(,>14: cihicta ot S§l. 

.nliUuBDt loDWlEw.tH: lu *cD« 



sja 



s lir, 1» ; Uw 






iDwonUaoamtiuUhllllrat 



Ntobt-alr, MT. 

t<inX,Wt. 
NKrocvaouB principle^ brvpsrtlM 

MOW at. m -, dnUuUun Jl mi 
NuB-BUncauM piliidtib*, dl 



KiiultlaB, allMH at li_ ._ 

HuMtln fdoM, Ma; tain bI, SHi «dtil- 

UMfuB oC »t; Bilk, MS; wh«L gft: 

oUlitiUsiu at olwiA W 






N" 



proKlmiU cornnxlUim sC 109, 114; 
liUir Bt 114; ksFuHM. IIS; »1tI«, 
t; Tnliidla ud flixl. tt>; acmnM i4 
I; pmpiiniaiioniiwtlolMrtillsLlMj 
iliBiM niDpnilUoii at IH ; •applr «C 
dUV BH; laouDBlnOsa of Bii la 
nueh. SSfi ; dlRHUbCUIT b( itM; nli- 
11 at to BBtrlUsniMT; bi caanmipLlaa, 
»I. 

Olf>1«ikd<LI<N. 
OlMLnc, IM. 
Oaluni. MI. 

OiT»B. !>, ItU i bow II iiWri thA iTitain, 
lU; wbMltdoHlnUiabodj.lMi alhct 
BtTUrtulta qninlltr aC niplnd, IM; 
•sanswl br tHpinUuB. ISI i toammi 
b* •MDllnutblB, tit! U UMter of dMaf, 

101: dMtncao iniiBT ot tMi hUob 
atipMiUwM,m 



ri|i>r-li«i(lBp, 
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EDUCATION: 



I 



nrTELLECTlXAZ, MOSAL, A2n> rSTSICAX^ 

1 ToL lemo. Prioa «] SO. 

P«RT L What Knowludae " "^ Meet WoKU, , 

II. iDtellcctual Educatioo. 
TO, Uonl EdawUoa. 
IT. Fbyuod Eduottloii. 
Till*!! dliciudau in ■!>]■, Tlgmiu, ud nf^nlTa— ^mfWcon /(wmiit </ 

JHfM*. 

Tboji ■» iiidonMedlj UDgn« Um bumI pliflagiiUcal nd Inpnbnl sT Um iieial 
tHU» it Uk Anuslcwi Fnaa.— fr. .fuln W. Drvpir. 
■ II U niulccl; ud nJnibla beyond ill oUiur Iwoki an Um Uuoi*;— JBn. I! M arr 

ThiH iMpcn in eliwlr '^^ Eruefulljr vriUm, ud lUaiint* th* nUor'i tMk 
■•d TlenTDOi >t>Mt. Ui jwwti b( (cpmlisg thB nBanttil (ten) the KoMiDtil, w wall 
M bU •iHOUi ii «niplii| Iba mils ftalnrH a thg isl^Mt— JtliwM JTmM^ 

nil beak cobBlM mo)* gsod ■»• In mull gdnpM^ Ibn iig tiiiiil mi Tflii 
Ilea m hir* (nir M*a^-itM. i>r. JIBll, Frf. Btmard oiUf. 

labnMUh of pUloHphkil t1ii«. Itr depth <r rMMKb la d ttvaOM^ ■■« fer 
Mrvrlilsc ftjaUluttj' wllh I^ ditaU* of bmH; tntf O^MbmI tf miBii, U^ 
BUBBif ki* BO eompttltor utdsa EncUili wTlMn sa Xd«enlaB.--A^. IT. f. tMpt, 
^ A«i>. y. J. J/ormal SahoaL 

Ijr lMMk.-^iwfl> jbi|4t, AoM &il«J Cbn. «' OUv. 
_ — . — t-UlBMphliiil lad ibll dlnoliBi of Iho prtodplw of EdBoHloa UulbH 

^pttfr-ni^D. B. OaArtat, FH*. If. T. SlaU Xonnat 8ch«ol. 

' II hipplt; tUvtoit** tbilnifarUim of IB lnl*lU(*Bt ImowMfO of phjilaJ HkiMa 



udlUfatitadjr.nd la npliM vKh ncpMlaH IbM tad. 
laiSivMxn. lUiattKirtKawirfUwcrMlttilBkMtf 

ii!4mU ua MMid wllb prefoaad lUUtj nd rourktUt nlnfim el ftoa(M 

at of wiiTBt.— JK T. Ob—rwtr. 

blBk ilUi* mM| tnportuil book on tb* (doMlaB of dJUns *nr wiftML— 

|> JmerietttAtHatUmritL 

rrafoimd tH Huljiii, (ootkil U nauUon, ind i^idoM In tbaorj.— /luti- 



11 Ihnnnii 



* ll^t apoa Ibo ImparteBH of otBdrtaf Ik* m 

■btatnc t» lh« Um pnpor ftod H th* i> 

iw«toe>of awt«p«rlWMM1^ Iku OOi.— jr. r. jKm^ 
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ILLUSTRATIONS OF tmiVERSAL PROGRESS. 

A SERIES OF DISCUSSIONS. 

1 VoL Xiarge ISmo. 470 PaffM. Prloe $2 00. 

ooimiiTB: 

American Notice of Spencer's New System of PhUosophj. 

I. Progress : its Law and Cause. . 

n. Manners and Fashion. 

in. The Genesis of Science. 

lY. The Physiology of Laughter. 

y. The Origin and Function of Music. 

VX The Nebular Hypothesis. 

VlL Bain on the Emotions and the WiU. 

VXCL Illogical Geology. 

IX. The Berelopment Hypothesis. 

X. The Social OrganisnL 

XL Use and Beauty. 

XIL The Sources of Architectural Types. 

XnL The Use of Anthropomorphism. 

These Essays constitute a body of massive and original thoo^t upon a 
large variety of important topics, and will be read with pleasure by all who 
appreciate a bold and powerful treatment of fundamental themea. Tht 
general thought which pervades this book is beyond doubt the meet impor- 
tant that the human mind has yet reached. — N, T, Ind^endenL 

Those who have read the work on Education, will remember the ana- 
lytic tendency of the author's mind — ^his clear perception and admirable ex* 
position of first principles — ^his wide grasp of facts — his ludd and vigorous 
style, and the constant and controlling bearing of the discussion on practical 
results^ These traits characterize all Mr. Spencer's writingB, and mark, is 
an eminent degree, the present volume. — N, F. Tnbune. 

We regard the distinguishing feature of this work to be the pecollariy 
interesting character of its matter to the general reader. This is a great 
literary as well as philosophic triumph. In the evolution of a system of 
Philosophy which demands serious attention, and a keen ezerdse of the in- 
tellect to fathom and appreciate, he has mingled much that is really popular 
and entertaining.— i2bcA«s^ DemocroL 



Worh e/ Scrhert f^meir puHUAed ly D. AppUlm d- Ca. 



i. NEW SYSTEM OP PHILOSOPHY. 

FIRST PRINCIPLES 

& VOL lAToa lamo. SIS PacM. Frio* M 00. 

Fin FnwT.— T:^ UnJcnomaUt. 
ijMpiei 1. Religkm inil Sdence; D. U1limat« ReligjoiK IdeM;~1 
' DlUnuiUi Sckniiflo lUcu ; IV. The ficlallrit; of oil Knowlodge ; T. Tbs 
RcooadUadaii. 

Part Siooim. — LaiM of Otn KnoitMt, 

I. Laws in Ocnerdi U Tlio Law of Erolatiim; [IL Tho nine cod- 
linued; IT. The CnuBca of Evolu^oti; V. Space, llnic, Uilter, Uotion, and 
Force 1 VL TholDdfHtnictibilily ofUitlor; TO. Tho Continuitj of Uotion ; 
Tin. Tbo Pcni]Btaic« of Force; IX. The CorrelaUon sad EquiTalenoe of 
Forces; X. The Direction of Motioii ; XL The Rhjthm of Uotion; XIL Tb« 
CoDditiooa Egacntial to Erolution; XIIL Tbo Itwtkbilitf of tho Homage- 
neoui; XIT. Tho UultipllcalJoti of EOInU; XT. IKffijrentlitlon uid Into- 
gtBtion; XTL EquUlbration ; XTU. SaminM; and CokIuiIod. 

In tho flml patt of lliia work Ur. Speoocr dcfinea Um prorincc, limita, uiil 
rehtlioti* of rdiglou uul idctice, tod detcnniiui tho legiUnulv scope of 
philoaophj. 

Id part eeoond be nnfolda tlioac fuaduncnliil priDcipIn which hire been 
■rrivod U wlthiD ll>« Hpbere of the knownble ; which iro tnir of all onicn 
of phenoncm*, and tbm conatitute the fousdaiioa of tU phtloMphj. Tho 
bw of EvolutioD, Ue. Epimosr nuintwiu to be luuTcrsal, uid he hu hen 
worked It out u the buia of hU ijitem. 

Thoe First PriocipUa ire the bondatioa of ■ ijatem of PhOaMpbt 
bolder, mora elaborate, and comprdelkilTe periiui, than anj other whhai 
naa been hitherto d*aigned b fiiglaluL— AtttA Quariirfy Smint. 

A work loflTinaimaadremukafalelit exeeullm. — OanMU Jfyaaiaa. 

In tha work* of Herbert SpeneM- «e bars die radhntota of a podtlva 
ThfologT, and an immmc itep towanl the pecftotioo of the adcuw of ftj- 
ebolog;. — ChriMiait Saminer. 

If wo mlatake not, In spite of the <rerj iMcatlTa cbarar1«r of hia 'own to- 
aulta, he baa fhrcebadowed aome ilrong argumenta for tho iJocUioe of a poai- 
tire Chriatian Tbcolog;. — A'<m EnglaiiiltT, 

la bi aa the frootieM of knowledge, »hcn tb* Iniailad maj ko, Uimv la 
■0 UtI^ man whoao pddanoa ntaj mora aalU; be IraMoiL— Jtiaadb 



A KEV STSTEIC OF FHILDSOFHT. 

PRrNOIPUES OF BIOLOGY. 

Tbb work is now in coiuse of mbliMtion is qoutcrlj Doinbeia (&i>m BO 
to 103 p*fie< each), by Eab*cil{iuan, at f^ pec umam. It ie lo fonu t<ro rot- 
VHi, of wbicb iba Gnt u ncarij oompUteil, four nombers hiving b<xs 
ianed. WUli? it comprises ■ muemem of titoae gavrai principles tni Uirm 
of life to which BdeDCc lus Bltain«l, it i^ stunpcJ vilL & mailed ori^nilltTt 
both in tho vieirs propounded and in ihc netbod of trcatiDg the aubjeci. h 
win be * atuidard and inTsloablo wmi. Some idea of the diaonsnoD may 
be fbrtncd b; ^aadu^ over a few of the &xal cliBptcr hcwling?. 



I. O^uio IhHcr; IL The txtiom of Fneei on Orgudo Ibtter; m. 
The Re«ctiona of Organio Hatter on Forcee; IT. ^oximate DefinilioD of 
Life ; T. ^le Ooneapoodatoe between Ufe^nd Us OircdmalaiieM ; TL The 
D^ree of Life Vaciee with the D^ree of Oomapondoice ; Vii Scope of 

TtKt Sacon). — ImiDcnoiiB or Bioloot, 
L Growth; H Derdopment; IIL Janctlan; IV. Watte MidBepwr; 
T. AdqttaUon; TL IndiTidnalllf ; TIL Gcneela; Tm. HeretUtji IS. 
Tariation; X. Oautoa, Heredit;, and Taiiation; XL CUariOea&aii XH 

IM^tribulioD. 

Hr. Speaixr la equally remarkable for hia seardi after fiiet prindpic*; 
for Ub acal« attcmpli to cle«otnpaM mental pbenomena ioto tbcir primary 
clcmenta ; and for bis broad generalizations of mental actiTi^, ralnd in cod- 
neotioD with ioMiDct, and all the analo^ea presented bjU/* ia tit mitenC 
aepecta. — Mt£eo-Ckimrgieal Rtmac. 



Work* <i f Siritrt Sp*narpvWi3>ii h D- AppUttn <t 0>. 
Id Om T«Ium, Bn<, Glatb. Frln Tw» IMItn, 



SOCIAL STATICS; 



i CONDITIONS ESiESTIAL TO HPM4S IlAPPUIEaa BPECl- 
FISD, ASD THE FILST Of THEM DEVELOPED. 



B7 HBRBBBT SFENCBB. 



OPiyiOKS OF THE PRESS. 
Mr.!>t>«)Mr,1nblaiMauuI1'>(li»IWMk(Hi"B<MiU)SUiU«i" .... iUto- 

It tiittmt TTiT blrh pnlw tt lh<> MW.y. eiimim, *nil Aim wllh nblA 
ItU vhtU>a. uil oUluli enuUs It (a Ibg dumulBr. ikiv» tut, of ■ cekllf lub- 
Maalltl book.— iforU BrMA Kutitlt. 

A MBurUbli work Mr. Epeneor aibiblli, *iii1 oiMUl* willi r*- 

Buiktbts n>ru inil clniriwn, nitny Kdil squdliMliiu n/ • Jul ud tl(bt 
«pMlM wbloh nruln fat ta bg afhctod.— 4r«M Qiupdrtii JItvlfw. 

As IU|b1[7 Hmdurlid thnocbMil vltb eloniaah (ood tfinpar, ud Vtriol 
bela .... W<Lib>]lbcinl.t>kcninhl>b<wkd(.Br>lH>litlni>rE>iUiln(Uul 
kD(* mut ot IbanKkl whlohi bt wut of ■ mon ipHia* um*, !• nv* oallcd 



■llitha fliiHl rlwiiiaiil, Uiamoal lDtam{lnt.tbanoiil«l»rI]r-Dti>ra»td ud 
*" r-rtMono.l work, with iIbti iba m«I orlgliul. thai \at aiipwiad In tba 

efaucUliiallljr.— UlaiMTiF tfnyK*. 
M witkiw nClha idWEBt work laMamtUiafr llilakar, and do ordtaii? ti1> , 
' aa 0% la lanfiiaaa tbal qwrUai irlUi bautlnn, and In naHBlBC 
and alabonia, pmlaa aad tnilaal.* raiy nunpnliaiulia and 

la axpaalUoB at Iba rlfbla nf nan In vtMj The bMk «al 

■ apoebln Um Ulamliua ofaelanUtA nwrajllf . — Eta^BaiUL 

umbAT u wnrk ns dlilsa ilaaii Uial at Bptnna li> ba amninrad vllb 
linpUdlr of Ua pranlaofc wd Uu lB«laI itfanr <ntb »bl'b a wd- 
filrla aptam oft^Uialinr atbltv W avoirad ftata Iban. .... A wark at aacfl 
■J •rl«nU«B la .[^rtl and n»thi.l. and » [W(iiilat la B>amtloii. »> aUU luob la 
Ttln Cur Uiniiick Ubrailaa oTpaUtln] n'UXoio^j.—ltad^. 



MUaaaa.— .Vanwn^L rmt<t. 



II bai bolk aUBnlrd Da li 



h our opUloa tf Ui 



Viw Tokk: D. Arrtnoir « 




A SEW 

CLASS-BOOK OF CHEMISTRY. 

RY KtJWAItD I. VOIIMASB, U. D. 

««0 r«c«a. etO BnR«Tln«>. PtiM H 26. 

TM CluH-Onoli »r CbamliUy. puMlilwl kdk'Uo 7«n i^o, bu been mHttea. n- 

'ntuuiil, ud Han iiipnui M u cmintliHj- Btw fori. lu itm 

IfDpoHMBl &eU uid priDcJiilDii (■( tins idcwe In Uulr 1*6mi w- 
ilui«*t ihiJl b««ilt*blc foFparp««Qf|Hiunl«diia(lcnL ThiM 
iDaux to Uif piwDt tUU, InMrpanUng ths mnr dlKorcrln, Qui 
LCH rompnlionilv* tuindplfw wlikb hiva Riotted froin xvmil 
■ DHT b* uuUoHid tbe aciiiy^TW'ivfd dorWna of IJje future 
I or Uh CucTtlUISD ud CtasKnittlgo ct Forcci, ths dlt- 
Awlj'il^ uJ Uw Beir iind nunulLible mtmrCba on ihc artiadil 
|wdH«lna uf ofcuW intiaUnnA vil OB tbn (■r;>la1la[d uid collnid loudlliaiu sT nut 
IM, wilh oOBj vUmt FMnlliut rcMM IniMUfiUoiH ool famid (i tontrmpunry leil- 
tuuld. 

Ter pMlMwi la etl tmuaer of ■nugfunt clonwu of ilitcment, ud relleitj of U- 
■■Mnllni, IW UJiMhiwik U mMuyMHd-JT Y. 7Me*«r. 

nat Tmomm f gmmii « nnlWnllrnrtiTliictaic iba lolrloutei oT HlfDw rMi 
«tdiln tb* MoinlMailun of thi duhoi of nxlen, ud Ma Uiok preuuu mli Uu^Iq. 

Tbo noM M«0Bdlll*IOI>lc* (TK 

tfm ImAic* Ik NBlMtly Aaloa 

tuwvflwHK wsHnBbf iMiBdbi ..^ , — , — , — , ., 

of 111* •attwiM HaMBT of urndlH, (h«n !• DO apiurcni miuinlDt or formiliiy. bt 
mfT I"** Aon •BoMklT ud incdUIr dou. brwdUiik ■ nre dkkIcI ef loctd u 

■fTMoM* illdlwUo «l»l W lM « lU- > ry fWJHHHL 

Tt» lAkH.'n OB Ibr UdiioI I>l*Uao> of Uik Forr 

The priwnl *o1om« ulilblU pluHlhil.tnlo of ntut nbotfare m hare beRn 
mIM PruC Yonmui' cduoUoul galla^.—J(^ao>litt Q^rltrty Sttitic. 
' Unrinlltd u > piutlal tntUu, Iti IntjodDcUoo on lli* - Oricta ud Notim <tf 
SvloabAc Knovlodgo "^ ibould be R«d bj txaj tudter, — JfoM. Ttat^tr, 

Ob« of IH poonllv merili li Ihit it earn ail b4 la^U.~-Prqf. Flulpi, If. J. Xor- 

ClHr. imnnta, necat, ud Imboed vlth tbs esthTulum of Id ODthor.— £. M. Mo»- 
try, Pm. X. B. ftm. OMtg^ 

ItliNnlii*BU]rlinBaiid(«n|iMl,l* impJjtBd Inddlr Ulutnted. md ftwof out 
tnUT ctea-bosk* ItiU hovo croMed Uh Mean txA b«en mloomtd In Eurapc, us nJcv- 
loWd M do M mot* eradlt Uwn thtt admlniU* vortL.— JV: T. Jii4tpfndml. 

A lbiinii(b jmwil of tlw book cubic* ni to pnaanBet II (be beat etmantUT 
clH'nMrT that IH b«a wttttoD hi onr lugnigs. iCltputefitsdbrareirlmj-cidle- 
dpllsed oileotiao nlrlL wd !■ nmplclelT op to the loTeJ of Ibo liloM dlHOTerloB In 
IhearieBooof wUiTitlnata. We^re ned it with all the Inlenet niuUy gliea lo 

"Hilt maBial la dMIn^libod mo most other Claat-booka Is HtUnff almoat vhallr 
vaMwhal la mecelj teAaLea] and ekparimantal, ^ the sake of the eoinpleteet poaaJbio 
■ihlMtloa of the piteetplta nf the tnbjKt For Ibe thoroturti atDdent. and STen fir the 
fTHenU nadvr, a tareftat iDdd. and coonected eipoaldoD or tho nevrleat waa needed. 
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